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the  tool  more  easily  wielded  than  if  the  might-  were  more  distaut>#em 
the  hand.  The  form  of  the  can  is  found  to  be  preferably  that  of  a 
double  cone  or  double  pyramid.  At  its  top  is  a  can- screw  opening  for 
inserting  the  powder  and  closing  it  securely  from  wetness.  The  blast 
spout  passes  radially  against  the  inside  of  the  basal  cone.  The  internal 
relations  of  the  blast  to  the  powder  will  be  better  explained  by  observing 
Fig.  2,  which  is  a  sectional  view  longitudinally  through  the  parts.  The 
tube,  e  r,  inside  the  can,  has  a  slot  in  its  side,  or  sides,  and  about  midway 
in  its  passage  is  a  shut-off  device,  j,  where  this  is  set,  partially  closing 
the  tubular  passage;  only  a  part  of  the  blast  going  through  direct,  while 
the  rest  is  crowded  out  to  grind  away  the  powder  exposed  by  the  slot 
passage.  The  more  of  the  blast  thus  crowded  out,  the  more  of  the 
powder  will  be  fed  to,  and  carried  away  by,  the  blast.  One,  two,  or 
more  slots  or  rows  of  holes  of  size  and  shape  to  suit  may  be  thus  made 
whereby  the  blast  can  act  upon  the  powder  in  the  base  of  the  can. 

Other  views  of  the  same  device,  with  an  extension  pipe,  having  a 
crooked  discharge  end,  appear  in  Figs.  4  and  5.  The  lettering  has  the 
foregoing  explanation  so  far  as  it  corresponds  ;  but  j  indicates  the  upper 
or  movable  face  of  the  bellows,  0  a  gauze  cover  over  its  incurrent  valve, 
i  is  the  long  extension  pipe,  with  a  crook,  and  s  its  discharge.  The  long 
pipe  enables  the  poison  to  be  freed  at  a  safe  distance  from  the  operator, 
and  the  crook  allows  it  to  be  easily  applied  either  in  an  upward  or  a  hor- 
izontal direction  into  the  plant. 

Other  crooks  desirable  for  some  purposes  are  shown  in  the  extension 
pipe  as  seen  in  Fig.  3.  These  blowers  work  with  little  effort  and  do 
very  satisfactory  work. 

A  tool  very  similar  in  shape,  but  for  blowing  liquid  spray,  is  repre- 
sented in  Figs.  6  and  7.  The  bellows  is  the  same  as  that  explained  above. 
The  blast  pipe,  /i,  £,  r,  i,  s,  is  connected  with  a  separate  part  of  the  res- 
ervoir, p,  for  the  poisoned  liquid,  and  a  can  screw-cap,  ?/,  is  found  con- 
venient for  this  purpose.  When  the  receptacle  is  removed  by  unscrewing 
it,  the  small  feed-tube,  x'y.  and  the^blast-pressure  orifices,  by  whicbithe 
blast-pressure  in  the  tube  is  communicated  into  the  Teservoir  and  ypon 
the  liquid  therein,  except  that  which  is  in  the  feed-tube  and  to  be 
ejected  by  said  pressure,  to  squirt  liquid  through  the  feed-pipe  into 
the  blast-pipe,  are  exposed  to  be  of  easy  access  in  case  of  choking  of 
the  passages,  or  if  it  is  desired  to  readjust  their  alterable  capacity  to 
feed  a  greater  or  less  quantity  of  liquid  to  the  blast.  The  peculiar  form 
of  the  poison-can,  p,  with  the  feed-tube  terminating  in  its  basal  apex 
permits  a  greater  range  of  tilting  of  the  same  without  interfering  with 
the  supply  to  the  feed-tube,  even  if  the  liquid  is  low.  But  the  construc- 
tion is  such  that  the  apparatus  feeds  when  inverted  or  when  in  any 
other  position,  and  in  all  positions  the  feeding  is  by  virtue  of  the  blast- 
pressure,  through  an  inlet  from  one  part  of  the  blast-pipe  where  the 
pressure  is  greatest  to  the  interior  of  the  receptacle  and  upon  the  liquid 
therein,  to  eject  it  into  another  part  of  the  blast-pipe  where  the  pressure 
is  less. 

The  small  can  is  at  times  furnished  with  an  automatic  supply  of 
liquid  from  a  larger  tight  reservoir,  carried  knapsack-fashion  upon  the 
back  or  otherwise,  and  having  an  excurrent  tube  conected  with  the 
inlet,  7,  of  the  smaller  receptacle.  Such  a  larger  receptacle  is  repre- 
sented upon  the  back  of  a  person  in  Plate  V,  Fig.  1.  An  extension 
tube,  ij  is  shown,  and  this  may  terminate  in  a  reatomizing  nozzle  similar 
to  the  nozzles  represented  in  Figs.  2  and  3,  or  the  simpler  form  here 
figured  which  is  made  by  closing  the  end  of  the  tube  and  making  a 
side  perforation,  s,  at  a  short  distance  back  from  the  end  wall.  By 
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anotlier  "rftbfe  bf'constriictiofr'the  foregoing  nozzles  are  made  to  dis- 
charge the  atomized  spray  in  the  direction  of  the  main  axis  of  the  blast- 
pipe,  which  is  sometimes  desirable,  as  in  applying  the  poison  to  trees 
or  in  directing  it  horizontally  or  downwards.  For  these  purposes  the 
extension  -tube  may  be  removed  entirely  from  its  juncture,  r,  and  with 
such  a  short  discharge-pipe  spray  may  be  thrown  immediately  there- 
from  without  reatomizing,  yet  a  much  finer  quality  of  mist  is  produced 
by  adding  one  of  the  reatomizing  nozzles  thereto.  Again,  the  machine 
can  be  used  by  substituting  a  person's  breathing  apparatus  for  the 
bellows.  In  this  case,  as  in  Plate  IY,  Fig.  8,  a  blow-pipe  and  mouth- 
piece, o,  should  be  added,  that  the  mouth  may  be  far  from  the  poison. 
This  is  the  cheaper  form  and  may  be  employed  by  careful  persons.  The 
other  parts  of  Fig.  8  are  the  same  as  already  explained. 

Finally,  for  similar  purposes  a  small  squirting  apparatus,  pictured  in 
Plate  V,  Figs.  1-5,  may  be  described.  It  consists  of  a  small  telescope- 
pump  having  the  internal  structure  of  the  stirrer-pump  elsewhere  de- 
scribed. The  cylinder,  c,  is  held  by  one  hand,  and  the  hollow  piston-rod, 
x,  by  the  other.  The  piston  may  be  held  steady  while  the  cylinder  is 
reciprocated  back  and  forth  upon  it.  Being  a  double-acting  pump,  a 
constant  pressure  and  stream  is  applied.  It  draws  the  fluid  from  a 
knapsack  reservoir,  fc,  or  other  receptacle,  through  the  suction-hose,  fe, 
which  is  joined  to  the  pump  cylinder  at  c.  The  valve,  which  occurred 
in  the  base  of  the  pump  already  described,  is  here  inserted  in  the  suc- 
tion-hose, and  by  means  of  the  hose  is  held  in  connection  with  the 
pump.  Also  in  this  case  the  fluid  is  ejected  from  the  tubular  piston- 
rod  through  its  extension-pipe,  a?,  u,  and  the  nozzle,  s,  which  is  the  same 
as  those  already  referred  to.  The  extension-pipe  may  be  forked,  as  in 
Figs.  4  and  5,  to  apply  two  or  more  jets  of  spray,  or  it  may  be  entirely 
removed  when  desired.  Also  the  pump  is  well  adapted  for  extinguish- 
ing fires  or  squirting  into  trees,  &c.,  while  it  will  supply  itself  by  suction 
from  a  bucket  or  any  other  suitable  source. 


REPORT  ON  THE  CAUSES  OF  DESTRUCTION  OF  EVER- 
GREEN FORESTS  IN  NORTHERN  NEW  ENGLAND  AND 
NEW  YORK. 

BY  A.  S.  PACKARD,  JR.,  Special  agent  o/  the  Division. 
THE  LAECH  SAW-FLY  WOEM. 

(Nematus  erichsonii  Hartig.) 

Order  HYMENOPTERA  ;  family  TENTHREDINIDJE. 

[Plate  III,  Fig.  1,  and  Plate  XIII,  Figs.  1,  la,  2,  3,  4.] 

HISTORY  OF  ITS  RAVAGES. 

In  Bulletin  7  of  the  United  States  Entomological  Commission  we 
enumerated  all  the  insects  known  to  affect  or  in  any  way  to  prey  upon 
the  larch  or  hackmatack.  There  were  none  then  known  to  abound  upon 
or  to  seriously  injure  this  tree,  which  has  heretofore  been  supposed  to  be 
as  free  as  even  the  hemlock  from  insect  pests.  The  hackmatack,  as  is 
well  known,  is  one  of  the  most  important  lumber  trees  in  Maine,  as  it 
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sends  down  a  single  large  root,  which  grows  laterally,  forming  a  bend 
at  right  angles  to  the  trunk,  so  that  it  is  used  for  u  knees  "  in  building 
vessels,  the  smaller  trees  being  used  for  the  same  purpose  in  boat- 
building. 

The  larch  grows  in  wet  swamps,  or  standing  water,  where  the  spruce 
or  hemlock  as  well  as  pines  would  not  flourish,  hence  its  growth  en- 
hances the  value  of  extensive  swampy  tracts  in  Maine,  where  the  water 
often  stands  all  summer,  even  through  the  severest  droughts. 

Its  devastation*  in  Maine. — Our  attention  was  first  called  to  this  insect 
late  in  August,  1882,  and  we  iirst  saw  the  effects  of  its  ravages  at  Bruns- 
wick, Me.,  where  it  had  partly  or  entirely  stripped  the  hackmatacks  in 
a  very  wet  swamp  on  the  banks  of  the  Audroscpggin  Kiver,  on  the  farm 
of  Hon.  C.  J.  Oilman,  who  called  our  attention  to  the  ravages  which 
had  been  committed  earlier  in  the  season.  On  examining  the  growth 
in  company  with  him,  we  found  that  most  of  the  trees,  both  large  ones, 
G  to  10  inches  in  diameter,  and  small  saplings,  6  to  15  feet  in  height, 
had  been  attacked ;  some  of  the  trees  were  stripped,  others  partially 
so,  while  others  had  wholly  escaped.  The  trees  in  the  middle  of  the 
swamp  appeared  to  have  suffered  most,  while  the  smaller  ones  on  the 
edge  or  on  higher  land  were  less  injured. 

By  jarring  the  trees  a  few  young,  half-grown  worms  of  the  second 
brood  which  had  not  yet  undergone  their  last  molt,  and  a  single  fully- 
grown  larva  were  collected,  while  the  cocoons  from  which  the  saw-flies 
had  escaped  earlier  in  the  season  were  found  lying  upon  the  ground  or 
in  the  moss  under  the  trees.  No  cocoons  with  the  pupa  within,  or  any 
other  fully-grown  worms,  were  to  be  found, 

On  the  same  day  (August  30)  we  examined  a  noble  larch  on  Mr.  Gil- 
man's  ground,  which  had  been  nearly  killed,  as  he  informs  us,  by  these 
or  similar  worms. 

On  September  6  we  found  that  the  hackmatacks  in  cold,  boggy,  wet 
land  on  the  crown  of  Eocky  Hill,  near  Brunswick,  had  suffered  more 
than  elsewhere.  Many  of  the  trees  were  wholly  or  partially  defoliated. 
According  to  Mr.  Simpson,  the  injury  was  here  done  "about  haying 
time,"  July,  1881,  but  the  worms  had  been  at  work  in  June  and  July  of 
the  present  year.  The  trees  at  the  time  of  my  visit  (September  6)  were 
putting  out  a  new  set  of  leaves  on  the  terminal  shoots,  the  needles  or 
leaflets  being  from  one-third  to  one-half  an  inch  in  length.  We  also 
noticed  from  the  railroad  train  in  going  from  Brunswick  to  Boston, 
about  the  middle  of  September,  that  the  hackmatacks  had  been  stripped 
near  Portland  and  Sacoj  no  trees  being  observed  west  of  Saco,  along 
the  line  of  the  Eastern  Eailroad. 

Our  attention,  however,  had  previously  been  called  to  this  insect  by 
its  ravages  near  Augusta,  Me.,  where  it  first,  perhaps,  attracted  general 
attention. 

The  following  notice  appeared  in  the  Daily  Kennebec  Journal  for  Julv 
25,  1882: 

A  white  worm  about  three-fourths  of  an  inch  long  is  destroying  the  foliage  of  tlie 
hackmatack  and  fir  trees  in  certain  sections  in  this  vicinity.  The  trees  appear  all 
bare  and  brown,  as  though  scorched  by  fire. 

On  applying  for  specimens  and  further  information  to  the  editors,  we 
received  the  following  note  from  Mr.  W.  A.  Neweomb,  of  the  Journal, 
under  date  of  July  31 : 

I  send  you  to-day  some  of  those  worms  that  are  eating  the  hackmatack  trees.  I 
could  not  find  any  of  the  large,  full-grown  worms,  and  I  think  they  have  gone  into 
the  chrysalis  state.  These  that  I  send  are  just  hatched  out,  and  were  all  the  speci- 
nu'iis  I  could  I'md. 
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Mr.  Newcomb  afterwards  (August  21)  sent  me  the  fully-grown  worms 
of  this  brood  which  were  then  at  work  on  the  trees. 

The  following  correspondence  and  extracts  will  give  an  idea  of  the 
extent  of  the  ravages  of  this  worm  in  Maine.  The  "juniper"  is  evi- 
dently a  local  name  for  the  hackmatack. 

Another  destructive  pest  lias  put  in  its  appearance  in  tlie  shape  of  a  green  worm. 
It  preys  on  the  juniper  trees.  All  the  juniper  trees  in  the  swamps,  and  the  shade 
trees,  look  as  though  fire  had  scorched  them ;  the  entire  foliage  is  eaten  in  a  few  days 
by  millions  of  these  worms. — Dover  Corr.  Bangor  Commercial,  July  28,  1882. 

FOXCROFT,  August  17, 1882. 

Your  card  to  the  Commercial  is  before  me.  The  worms  which  destroyed  the  juniper 
foliage  came  like  a  shower,  and  lasted  about  a  week ;  they  eat  the  trees  clean,  and 
departed  all  at  once,  no  one  knows  where  or  when.  I  have  tried  to  find  one  to-day, 
but  could  not.  The  worms  were  green,  smooth,  about  three-fourths  of  an  inch  long, 
clustered  together  on  a  branch,  and  they  ate  continually,  I  should  think,  by  the  quick 
work  they  did  in  stripping  the  trees.  No  juniper  escaped  destruction.  The  lower 
limbs  of  some  trees  were  left  untouched. 

C.  HILL. 

We  are  especially  obliged  to  Charles  G.  Atkins,  esq.,  Fish  Commis- 
sioner, and  who  traveled  extensively  during  the  last  summer,  for  infor- 
mation and  specimens.  He  writes  as  follows : 

MANCHESTER,  ME.,  August  25, 1882. 

The  editor  of  the  Kennebec  Journal  wrote  me  that  he  had  sent  you  one  batch  of 
hackmatack  worms,  and  was  about  to  send  you  another.  Doubtless  you  have  all  you 
need.  I  did  not  come  upon  specimens  until  too  late,  though  now  that  I  have  once 
found  them,  I  marvel  that  the  affected  trees  did  not  sooner  attract  my  attention. 
They  are  all  about  here. 

I  have  just  returned  from  a  trip  to  Grand  Lake  Stream,  Washington  County,  and 
will  give  you  the  results  of  my  observations  on  hackmatack  insects. 

From  Grand  Lake  Stream  to  Princeton,  and  thence  to  Forest  Station,  by  stage,  a 
distance  of  40  miles,  the  hackmatacks  (there  called  juniper}  had  been  attacked  by 
some  insect  that  had  shorn  off  the  foliage  of  the  upper  part  of  each  large  tree.  In 
all  that  distance  I  did  not  see  a  dozen  trees  less  than  25  feet  high  that  had  been 
touched,  but  of  those  of  30  feet  and  upward  in  height  90  per  cent,  or  more  had  been 
attacked  at  the  top  and  denuded8^ almost  completely)  down  on  an  average,  say  8  feet 
or  10  feet  from  the  top.  The  terminal  shoots  of  the  main  stem  and  branches  did  not 
appear  to  have  been  eaten  off",  but  the  side  whorls  of  leaves  were  mostly  gone.  In 
some  cases  the  outer  extremities  of  large  limbs  below  the  region  generally  denuded 
had  been  attacked  near  their  extremities.  There  were  no  worms  to  be  seen  on  the 
trees.  I  climbed  one  tree  and  searched  it  carefully,  but  found  nothing.  On  descend- 
ing, however,  I  found  a  larva  crawling  on  my  coat  sleeve,  a  greenish  slate  color,  some 
three-fourths  of  an  inch  long,  with  black  head,  which  I  send  you  in  vial.  In  Hinkley 
Township  I  noticed  some  sphinx  larvae  on  hackmatack  tips,  and  inclose  one.  I  sup- 
pose it  was  feeding,  but  did  not  verify  supposition. 

From  Forest  to  Bangor,  wherever  I  saw  large  hackmatacks  they  had  been  gener- 
ally denuded  to  a  greater  extent  than  on  the  first  part  of  the  route,  and  the  work  was 
worse  as  I  approached  Bangor,  and  a  smaller  class  of  trees  had  been  attacked  than 
in  Washington  County. 

I  ascertained  by  inquiry  that  the  devastations  extended  eastward  as  far  as  Orland 
in  that  direction,  beyond  which  I  know  nothing. 

From  Bangor  westward  the  depredations  everywhere  appeared  (I  came  by  rail  to 
Keadfield),  and  on  going  to  a  remote  part  of  my  farm  where  hackmatacks  grow,  I 
find  they  have  generally  suffered,  but  I  notice  here  that  trees  under  10  feet  in  height 
have  generally  escaped.  Here  I  find  that  the  dormant  buds  on  the  sides  of  the  twigs 
have  begun  to  push  out  a  new  growth,  which  is  now  one-fourth  of  an  inch  long. 

I  find  lots  of  empty  pupa  cases  in  the  turf  under  one  of  the  trees,  and  send  some 
in  a  vial  j  possibly  some  of  them  may  contain  pupae.  No  worms  to  be  seen  now. 

Mr.  A.  P.  Buck,  of  Foxcroft  (postal  messenger  on  E.  &  N.  A.  Eailroad)  told  me 
that  they  were  at  work  in  his  vicinity,  and  had  committed  more  havoc  than  anywhere 
on  the  E.  &  N.  A.  Eailroad,  and  even  small  trees  had  been  completely  stripped. 

Hon.  Z.  A.  Gilbert,  of  East  Turner  (post-office),  (his  farm  is  in  the  northwest  cor- 
ner of  Greene  and  southwest  corner  of  Leeds,  or  near  the  Androscoggin  River),  says 
the  hackmatack  worms  have  been  operating  in  his  vicinity  for  three  years.  After  the 
first  attack  the  trees  all  leafed  out.  After  the  second  some  died,  and  now,  after  the 
third,  many  appear  likely  to  die. 
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I  showed  the  larva  I  got  in  Washington  County  to  both  Buck  and  Gilbert,  and  they 
thought  it  might  be  the  same  that  they  had  seen  in  their  sections,  except  that  Mr.  G. 
thought  his  worms  were  more  positively  green  in  color.  He  said  it  was  characteristic 
of  them  to  work  first  at  the  top  of  the  tree,  as  I  had  observed  in  Washington  County. 
Mr.  G.  is  secretary  Maine  Board  of  Agriculture.  It  looks  as  though  our  hackmatack 
forests  might  be  totally  destroyed  by  this  insect. 

I  inclose  some  clippings  from  the  Home  Farm  referring  to  this  insect. 

I  also  send  you  some  terminal  shoots  of  white  pine,  in  which  you  may  find  living 
specimens  of  a  borer  in  three  stages ;  I  suppose  it  is  Pissodes  strobi.  In  one  grove|of 
white  pine  on  my  farm  it  has  taken  10  per  cent,  of  the  leading  shoots. 

CHARLES  G.  ATKINS. 

GRAND  LAKE  STREAM,  ME.,  February  27,  1883. 

In  September,  after  receiving  your  request  to  send  the  cocoons  to  Providence,  I  ex- 
amined them  (hurriedly),  and  finding  some  defective  ones  concluded  the  whole  lot  was 
worthless.  I  went  out  once  afterwards  to  get  some  more,  but  did  not  find  them.  I 
now  think  the  cocoons  I  had  were  mostly  sound  in  September  or  October,  and  possibly 
may  be  now,  but  my  keeping  them  dry  and  generally  warm  all  this  time  may  have  de- 
stroyed their  vitality.  Such  as  they  are  I  mail  them  to  you  herewith. 

I  learned  from  E.  C.  Smith,  of  New  Sharon,  Franklin  County,  that  the  worm  in 
question  infested  the  hackmatacks  in  that  town  last  year.  Also  from  Z.  A.  Gilbert, 
Secretary  Board  Agriculture,  that  in  August,  1882,  he  made  a  trip  to  Aroostook  County, 
and,  my  inquiries  having  called  his  attention  to  the  matter,  he  looked  for  indications 
of  the  presence  of  the  hackmatack  worm  and  saw  none.  He  was  acquainted  with 
them  at  home  in  Androscoggin  County. 
Very  truly  yours, 

CHAS.  G.  ATKINS. 

The  hackmatacks  in  the  region  near  to  and  south  and  southeast  of  the 
Kangeley  lakes,  and  near  Phillips,  Me.,  were  also  defoliated  in  the  early 
part  of  the  summer  of  1882,  as  we  have  been  informed  by  Dr.  H.  G. 
Miller,  of  Providence,  E.  I.,  who  went  to  the  lakes  in  August. 

In  the  summer  of  1883,  we  found  the  females  laying  eggs,  and  young 
hatched  out  late  in  June  and  early  in  July,  from  Brunswick  to  Phillips, 
about  Lake  Umbagog,  especially  at  Errol,  N.  H.,  and  by  the  middle  and 
last  of  July  the  trees  were  nearly  stripped  of  their  leaves  throughout 
Maine,  and  many  trees  were  fatally  injured. 

Its  ravages  in  Neio  Hampshire. — In  Franconia,  as  we  have  been  in- 
formed by  Prof.  W.  W.  Bailey,  of  Brown  University,  Providence,  the  hack- 
matacks were  stripped  of  their  leaves  about  the  middle  of  July,  1882 ; 
the  smaller  trees  suffering  most.  The  trees  were  observed  by  him  August 
10.  We  noticed  at  Errol,  on  Umbagog  Lake,  numerous  trees  which  had 
been  killed  by  the  worms,  and  from  the  number  of  worms  seen  July  4th 
do  not  doubt  that  many  trees  in  that  section  were  at  least  partly  stripped 
a  week  or  two  later. 

Its  appearance,  in  Massachusetts. — We  learn  from  Mr.  Andrew  Nichols 
that  the  European  larches  were,  in  1882,  attacked  by  "  worms  "  in  the 
vicinity  of  Danvers,  Mass.  In  July,  1883,  the  worms  abounded  on  the 
same  trees,  specimens  being  sent  us  by  Mr.  Nichols.  We  observed  worms 
at  work  in  July,  1883,  on  the  European  larch  at  Lawrence,  Mass.,  and 
they  were  also  destructive  at  Danvers.  Mass.  Prof.  C.  S.  Sargent,  di- 
rector of  the  Arnold  Arboretum,  Brookline,  Mass.,  and  special  agent  of 
the*United  States  Census,  Forestry  Division,  writes  us  as  follows : 

I  have  not  heard  of  any  injury  to  our  native  hackmatacks.  Three  or  four  years  ago, 
however,  I  noticed  that  specimens  of  the  European  larch  in  this  immediate  neigh- 
borhood were  suffering  from  the  attacks  of  a  larva,  which  I  gathered  and  submitted 
to  Dr.  Hagen.  I  inclose  his  note  upon  the  subject. 

A  copy  of  Professor  Hagen's  letter  is  here  inserted : 

[MUSEUM  OF  COMPARATIVE  ZOOLOGY, 
Cambridge,  Mass.,  July  7,  1881. 
The  larrae  belong  to  the  Teuthredinidae  (Hymenoptera),  to  Nematus  erichsonii  Hart, 
the  Canadian  Entomologist,  Vol.  XIII,  No.  2,  p.  37,  1881,  I  have  given  a  short  no- 


ufol 
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tice  concerning  the  same,  sent  last  year  from  the  Arboretum.  The  museum  is  very 
rich  in  Nematus,  but  does  not  possess  this  species,  which  is  very  rare  in  Europe,  ami 
has  only  twice  before  1840  been  observed  to  be  very  obnoxious  to  the  larch  in  Hol- 
stein  by  Tischbein  andintheHarzby  Saxesen.  Ratzeburg,  in  his  last  work,  remarked 
only  that  it  is  rare,  but  may  prove  to  be  rather  obnoxious.  The  species  is,  so  far  as  I 
know,  not  described  among  the  United  States  species,  surely  not  under  its  original 
name. 

,The  following  note  by  Dr.  Hagen,  extracted  from  the  Canadian  Ento- 
ogist,  is  the  one  referred  to  in  the  foregoing  letter : 

Nemaius  ericlisonii  on  Larix  enropcea. — A  large  number  of  larvas,  very  young  to  nearly 
full-grown,  some  probably  full-grown,  were  sent  living,  with  the  twigs.  The  larvie 
agree  perfectly  with  description  and  figure  in  Ratzeburg's  Forst-Insecten,  Tom.  Ill, 
PI.  3,  Fig.  4.  The  species  is  not  represented  in  the  collection  here,  neither  in  the  larva 
nor  in  the  imago  state.  It  is  not  mentioned  in  Mr.  Norton's  catalogue  of  N.  Am.  Ten- 
thredinidaj.  I  have  to  remark  that  the  larva}  of  the  three  other  species  living  in  Eu- 
rope on  Larix.  viz,  Lyda  laricis,  Nematus  soleus,  and  compressus,  from  their  description, 
do  not  agree  with  those  sent  to  me.  I  am  indebted  to  the  Harvard  Arboretum  and 
its  director,  Mr.  Charles  S.  Sargent,  for  these  specimens. — Canadian  Entomologist, 
Vol.  XIII,  No.  2,  p.  37, 1881. 

Its  appearance  in  Northern  New  York. — Mr.  George  Hunt,  of  Providence, 
who  is  a  close  observer  of  plant  and  insect  life,  and  who  annually  visits 
the  Adirondack  region  in  the  vicinity  of  Scroon  Lake,  informs  us  that 
about  July  25  and  early  in  August  the  hackmatacks  were  seen  to  be 
entirely  defoliated,  no  leaves  being  left  on  the  trees  by  the  first  of 
August  $  he  observed  the  effects  of  the  worms  at  Horicon,  Warren 
County,  and  Scroon  Lake,  in  Essex  County,  as  well  as  at  Pottersville. 
The  region  affected^was  very  extensive,  covering  many  square  miles  in 
different  swamps.  No  worms  were  observed  in  1881.  He  has  presented 
us  with  some  of  the  worms,  which  are  of  full  size,  and  do  not  differ 
from  Maine  specimens.  They  were  fully  grown  July  28. 
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Notwithstanding  the  efforts  made  to  rear  the  larvae  of  this  species 
last  summer,  no  perfect  insects  were  obtained,  the  cocoons  furnished  us 
by  Mr.  Atkins  having  been  all  parasitized  by  a  species  of  Pteromalus, 
a  parasite  of  the  hymenopterous  family  Chalcididse;  while  of  two  false 
caterpillars  which  spun  cocoons,  neither  had  hatched  up  to  the  time  of 
writing. 

On  referring  to  the  great  work  of  Eatzeburg  on  forest  insects,  the 
admirable  colored  figure  of  the  larva  of  Nematus  erielisonii  which  he 
gives  exactly  represents  the  peculiar  style  of  coloration  of  our  worms ; 
we  had  identified  it  as  perhaps  this  species,  or  as  the  young  of  one  rep- 
resenting it  in  this  country. 

It  appears  by  the  foregoing  extracts  that  Professor  Hagen  had  exam- 
ined the  larva  and  had  identified  it  as  Nematus  erichsonii.  We  are 
unable  to  find  any  differences  in  the  larvae  from  the  figure  of  the  Euro- 
pean species,  and  the  cocoons  are  of  the  size  and  form  as  figured  by 
Ratzeburg.  A  description  of  the  fully  grown  larva  is  not  given  by 
Ratzeburg.  The  eggs  are  described  by  Ratzeburg  (after  Tischbein)  as 
about  one-half  a  line  (%")  long,  white,  transparent,  laid  in  a  row  upon 
and  within  the  young  larch  shoots.  The  following  is  a  free  translation 
of  his  description  of  the  saw-fly,  which  he  calls  the  large  larch  saw-fly, 
and  figures  in  Theil  III,  PI.  HI,  Fig  4. 

4-5"'  long  and  wings  expanding  10-11.'"  In  sculpturing  and  coloring  so  great  a  simi- 
larity with  N.  aeptentrionalis  $  that  it  would  be  mistaken  tor  it,  were  it  not  for  the  tarsal 
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scoop-like  dilatation  in  latter  species;  but  there  is  in  place  of  the  -wing-band,  only 
a  light  shade  in  the  largest  cubital  cell;  both  the  femoral  hooks  and  apophyses  are 
almost  clear,  tho  wing-angle  of  the  prothorax  brownish  white;  the  whitish  femoral 
rings  arc  only  clear  on  the  hinder  legs,  and  on  the  abdomen  at.  most  the  four  middle 
rings  are  reddish-brown.  The  punctures  are  finer  than  in  N.  septentrionalis,  especially 
on  tho  scutellnm  and  on  tho  rather  shining  mesosternuin. 

Eatzeburg  states  that  he  himself  has  not  observed  this  insect,  which 
occurs  in  Germany  and  other  parts  of  Europe.  It  appeared  on  the 
larch  in  the  Harz  Mountains  as  well  as  in  the  plains  of  Holstein.  The 
larva?,  are  social,  but  do  not  occur  in  such  thick,  crowded  clusters  as  do 
those  of  Lophyrtis.  The  flies  make  their  appearance  toward  the  mid- 
dle of  June.  The  eggs  are  laid  usually  in  a  single  row  on  the  upper 
end  of  the  young  shoots,  two  or  three  sometimes  being  placed  together 
along  the  shoot.  The  eggs  are  inserted  in  a  little  slit  made  by  the  ovi- 
positor under  the  epidermis.  They  hatch  at  the  end  of  June  and  early 
in  July,  and  the  larv<re  stop  eating,  becoming  fully  grown,  toward  the 
middle  of  August.  They  then  fall  from  the  trees  and  spin  their  cocoons 
under  the  moss ;  here  they  pass  the  winter,  and  in  the  following  May 
enter  the  chrysalis  state  within  the  cocoon,  to  appear  as  four- winged 
Hies  in  June.  From  a  forestry  point  of  view,  adds  Eatzeburg,  the  insect 
might  become  injurious  since  the  Iarva3  have  already  in  certain  seasons 
abounded  on  the  larches  in  sufficient  numbers  to  attract  the  attention 
of  forestry  officers  in  Holsteiu. 

The  habits  of  the  American  worm  are  evidently  like  those  of  the 
European  species;  and  it  is  very  probable  that  the  insect  is  common  to 
both  Europe  and  Northeastern  America.  At  any  r^t-e  our  species  could 
not  have  been  introduced  with  European  larches,  since  its  ravages  have 
been  committed  in  the  wilder,  less  frequented  portions  of  Maine,  New 
Hampshire,  and  New  York,  as  well  as  on  the  seaboard  in  towns  long 
settled.  In  brief,  the  habits  of  our  species  are  as  follows:  The  eggs  are 
laid  in  the  terminal  young  shoots  of  the  larch  from  about  the  middle 
of  June,  in  Massachusetts,  to  the  early  part  of  July  in  Northern  Maine, 
the  larvae  feeding  on  the  leaves  late  in  June,  and  in  July  and  early  August. 
By  the  last  of  July  to  the  first  week  in  August,  according  to  the  lati- 
tude, the  worms  are  nearly  fully  grown,  while  a  few  half-growTn  ones  oc- 
cur on  the  trees  in  Maine  in  the  last  week  of  August  and  the  early  days 
of  September.  It  is  very  doubtful  whether  there  are  two  broods.  We 
will  uowrgive  a  more  detailed  account  of  its  habits. 

The  eggs  had  all  hatched  by  June  23-28 ;  few  were  to  be  found  at 
Brunswick,  although  the  incisions  made  by  the  female  were  commonly 
observed.  The  female  saw-fly  makes  about  a  dozen  incisions  in  the  ter- 
minal young,  fresh,  green  shoot,  sometimes  in  one  of  the  side  shoots 
next  to  the  terminal  one:  judging  by  the  shape  of  the  hole,  the  eggs 
are  of  the  shape  described  by  Eatzeburg,  i.  e.,  oval  cylindrical  and 
about  1.5mm  in  length.  The  eggs  are  placed  in  two  rows,  alternating, 
not  exactly  parallel,  one  being  placed  a  little  in  advance  of  the  other. 
The  eggs  are  inserted  at  the  base  of  the  fresh,  soft,  young,  partly-devel- 
oped leaves  of  the  new  shoot,  which  is  usually  by  June  20-30,  only  about 
an  inch  or  an  inch  and  a  half  in  length.  The  presence  of  the  eggs  causes 
a  deformation  of  the  shoot,  which  curls  over,  the  incisions  being  in  all 
cases  observed  on  one  (the  inner)  side  of  the  shoot.  In  many  cases  a  last 
year's  shoot  was  observed  with  the  scars  of  the  incisions  on  the  con- 
cavity of  the  shoot.  That  the  incisions  were  made  by  the  saw-fly  was 
proved  by  finding  a  freshly-hatched,  but  dead,  larva  in  one  of  the  holes. 
Sometimes  one  or  two  of  the  leaves  die  in  consequence  of  the  wounds 
made  at  their  base. 
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After  the  foregoing  lines  were  written  we  fortunately  observed  a 
female  in  confinement,  June  29,  while  engaged  in  the  process  of  oviposit- 
ing; we  should  judge  that  the  operation  of  sawing  the  slit  and  depositing 
the  egg  required  not  less  than  five  minutes,  and  perhaps  not  much  more 
than  that  length  of  time.  The  fly  had  been  evidently  at  work  for  some 
time  previous,  as  a  number  of  eggs  had  been  laid  along  the  shoot ;  she 
had  begun  at  the  farther  end  and  worked  down  to  the  base  of  the  new, 
fresh ,  green  shoot.  She  stood  head  downward  while  engaged  in  making 
the  puncture,  and  was  not  disturbed  by  our  removing  the  larch  twig 
from  the  glass  jar  and  holding  it  in  our  hand  while  watching  the  move- 
ments of  the  ovipositor  under  a  Tolles  triplet.  The  two  sets  of  serrated 
blades  of  the  ovipositor  were  thrust  obliquely  into  the  shoot  by  a  saw- 
ing movement ;  the  lower  set  of  blades  was  most  active,  sliding  in  and 
out  alternately,  the  general  motion  being  like  that  of  a  hand-saw.  After 
the  incision  is  sufficiently  deep,  the  egg  evidently  passes  through  the 
inner  blades  of  the  ovipositor,  forced  out  of  the  oviduct  by  an  evident 
expulsive  movement  of  the  muscles  at  the  base  of  the  ovipositor.  The 
slit  or  opening  of  the  incision  after  the  egg  has  passed  into  it  is  quite 
narrow  and  about  If mm  in  length.  While  engaged  in  the  process  the 
antennae  are  motionless,  but  immediately  after  the  ovipositor  is  with- 
drawn they  begin  to  vibrate  actively,  the  insect  being  then  in  search  of 
a  site  for  a  fresh  incision. 

After  making  the  foregoing  observations  we  found  at  Phillips,  Me., 
July  1,  and  at  Errol,  N.  H.,  July  4,  numerous  twigs  containing  eggs,  and 
the  flies  were  also  o.bserved  upon  the  trees  ovipositing.  Although  the 
slit  is  at  first  closed,  as  soon  as  the  embryo  increases  in  size  the  twigs 
swell  where  they  have  been  incised  by  the  ovipositor,  and  the  slits  en- 
large and  gape  more  or  less,  becoming  much  larger  and  more  conspicuous 
than  when  the  eggs  are  first  deposited.  It  would  thus  appear  that 
oviposition  takes  place  about  a  week  later  in  the  vicinity  of  Brunswick. 
Me.,  than  in  Essex  County,  Massachusetts,  and  about  a  week  later  in 
Northern  Maine  and  New  Hampshire  than  on  the  coast  at  Brunswick. 

When  the  larva  hatches,  the  incision  gapes  open,  leaving  an  oval  hole. 
Out  of  this  gape  the  larva  creeps,  and  it  rarely  eats  the  terminal  shoot, 
but  crawls  upon  the  leaves  of  the  whorls  next  to  the  terminal  shoot. 
At  first  it  nibbles  one  side  of  the  needle  or  leaf,  leaving  it  half  eaten 
and  rough,  serrate,  and  partly  withered  along  the  edge.  The  half- 
eaten,  withered  leaves  of  unequal  length  in  a  whorl  on  the  ends  of  the 
smaller  branches  enable  one  to  detect  the  presence  of  the  young  worms 
on  the  tree. 

Usually  after  the  young  larvaB  have  shed  their  first  skin,  they  collect 
on  the  verticils  of  the  larch  and  almost  invariably  begin  to  eat  the 
needles,  one  after  another,  beginning  at  the  distal  end  and  eating  the 
leaf  obliquely  until  only  a  short  stump  is  left;  in  this  way  one  verticil 
after  another  is  eaten,  and  when  the  worms  are  half-grown  they  occa- 
sionally collect  around  the  main  stem  of  the  twig  in  singular  clumps  or 
clusters,  the  hinder  part  of  the  body  curled  over  their  backs,  and,  owing 
to  their  oblique  posture  in  reference  to  one  another,  appearing  like  a 
ball  of  worms.  This  singular  appearance  was  briefly  noticed  by  Katze- 
burg.  The  castings  or  excrement  are  long,  cylindrical,  more  or  less 
truncated  at  each  end.  Our  saw-fly  differs  slightly,  as  has  been  de- 
scribed, from  the  German  in  the  eggs  being  laid  at  the  base  of  the  leaves 
on  the  newly-grown  shoots,  rather  than  on  or  just  under  the  epidermis 
of  the  last  year's  shoots,  where  we  have  repeatedly  and  in  vain  searched 
for  them.  The  larvae  were  observed  to  hatch  out  from  June  20  to  30  at 
Brunswick,  Me. 
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The  Lirvre  appear  to  attain  their  full  size  in  about  five  to  seven  days 
after  hatching;  certainly  less  than  or  not  more  than  ten  days.  There 
appear  to  be  but  three  molts  or  changes  of  skin,  i.  e.,  four  stages  of  the 
larvae.  In  casting  the  skin,  the  head  splits  open  along  the  median  line 
of  the  vertex,  and  the  epicranium  or  sides  of  the  head  split  apart  on  each 
side,  leaving  the  clypeus  and  labrum  in  place;  then  the  body  is  drawn 
out  of  the  rent,  the  skin  adhering  to  the  needle  or  leaf. 

DESCRIPTION. 

The  egg.  —  Slender,  cylindrical,  tapering  rapidly  towards  each  end.    Length,  1.2mm. 

Larva  at  the  time  of  hatching.  —  The  head  very  large,  much  wider  and  higher  than  the 
body  before  the  latter  fills  out  from  eating;  dusky  or  smoky  green,  not  black,  darker 
in  front  on  the  clypeus  and  labrum  than  elsewhere;  eyes  black;  thoracic  legs  smoky 
green.  Body  uniformly  poa-green;  the  head  and  thoracic  legs  soon  become  darker, 
and  the  body  fills  out  and  becomes  a  little  larger  after  the  larva  has  taken  food. 
Length,  3-3.5Ir:a. 

Larva  after  the  first  molt.  —  Body  pale  green,  without  the  glaucous  pearly  bloom  of 
the  two  luter  stages  ;  head  and  thoracic  feet  black  ;  the  segments  wrinkled  as  in  the 
adult;  but  the  short  black  spines  of  the  two  later  stages  are  not  to  be  seen.  Length, 


Larva  after  the  second  molt.  —  It  now  has  the  peculiar  glaucous-green  bloom  of  the 
adult  on  the  upper  part  of  the  body,  the  body  being  pale  pea-green  beneath  and  low 
down  on  the  side,  while  the  black  spines  on  the  abdondn  il  segments  are  distinct  and 
arranged  as  in  the  full-fed  worm.  Length,  12mni. 

Larva  of  fourth  and  last  stage  (PL  III,  Fi^.  16).  Length  at  first,  14-16mm.  Body 
with  three  pairs  of  black  thoracic  and  seven  pairs  of  abdominal  legs,  the  color  of  the 
uuder  side  of  the  body.  (The  Jarva  may  be  distinguished  from  Lophyrus  worms  by 
having  one  pair  less  of  abdominal  legs,  the  latter  having  eight  pairs.)  Body  rather 
long  and  slender;  less  plump  than  in  the  Lophyrus  abietis.  Head  round,  jet-black  (it 
is  usually  reddish  in  Lophyrus)  ;  seen  from  in  front,  regularly  circular,  mandibles 
4-toothed;  maxillae  4-jointed,  the  joints  longer  than  in  Lophyrus;  the  mala  or  inner- 
most lobe  broad  and  large  at  tbe  end,  with  about  ten  stiff  'long  seta)  (in  Lophyrus  the 
mala  is  much  smaller,  with  only  three  very  short  setae  or  stiA°  spines).  The  body  is 
of  a  peculiar  glaucous-green  color,  like  that  of  the  under  sido  of  the  leaves;  the  glau- 
cous-green dorsal  region  is  plainly  separated  from  the  paler  under  side  of  the  body  by 
a  definite  line.  There  are  no  lateral  stripes  or  spots.  The  first  three  (thoracic)  'seg- 
ments behind  the  head  are  plain,  with  no  minute  warts;  but  around  each  abdominal 
segment  except  the  last  run  two  parallel  double  rows  of  minute  dark  dots  or  warts, 
but  with  no  minute  short  hairs  as  are  seen  in  Lophyrus  abietis,  while  the  supra-anai 
plate  is  free  from  such  dots  and  hairs.  Length  just  before  transformation,  18mm. 

The  worm  is  at  once  distinguished  from  any  other  saw-fly  larvas,  on  pines,  spruce, 
and  firs,  by  its  larger  size,  its  color,  and  by  its  jet-black  head  and  its  seven  pairs  of 
abdominal  legs. 

Cocoon.  —  Larger  and  darker  than  that  of  Lophyrm  abietis.  Length,  10mm  ;  diame- 
ter, 5mm. 

The  imago  or  saw-fly  (5  females).  —  A  very  large,  thick-bodied,  black  species,  with 
abdominal  segments  2  to  5,  and  part  of  the  sixth  bright  resin-red. 

Head  black  ;  maxillary  and  labial  palpi  pale  whitish  flesh-color.  Antennae  tapering 
to  the  end,  black,  9-jointed;  the  scape  with  two  small  short  joints,  the  second  shorter 
than  the  first;  the  flagellum  7-jointed,  the  second  joint  considerably  shorter  than  the 
first,  and  slightly  longer  than  the  third;  the  two  terminal  joints  of  equal  length  and 
slightly  paler  than  the  rest  of  the  antennae.  The  clypeus  and  especially  the  labrum 
covered  with  white,  stiff,  short  hairs,  as  also  the  genaa  in  front.  Head  and  thorax 
uniformly  black,  under  the  triplet  seen  to  be  pilose.  Basal  segment  of  the  abdomen 
black,  segments  2  to  5,  bright  resinous  red,  including  the  basal  third  of  the  6th,  this 
segment  beneath  being  entirely  red. 

First  and  second  pair  of  legs,  including  the  trochanters,  pale  fresh-color,  the  femora, 
however,  somewhat  reddish  and  tipped  at  the  distal  end  above  with  black;  the  third 
pair  of  femora  red,  like  the  abdomen,  black  at  tip;  tibiaa  pale,  black  on  the  outer 
third;  tarsi  black,  the  under  spines  pale,  including  the  base  of  the  claws.  End  of 
abdomen  and  ovipositor  black.  Wings  with  the  costa  as  far  as  the  stigma  reddish; 
stiguia  and  veins  black.  Only  three  subcostal  cells,  the  basal  squarish,  one  not  being 
completed,  a  short  obsolete  vein  projecting  from  near  the  stigma. 

Length  of  body,  llmm  .  of  antenna,  6.5mm  ;  of  fore  wing,  9mni  ;  expanse  of  win^s,  20- 
21""n.  One  specimen  considerably  smaller  than  the  others. 

10  A—  '83 
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REMEDIES. 

It  is  obvious  that  in  swamps  in  the  remoter  parts  of  the  country  these 
worms  cannot  be  subdued ;  they  will  run  their  course,  and  probably 
such  a  visitation  as  that  of  1881-'S2  will  not  happen  again  for  a  term  of 
years.  To  prevent  their  killing  shade  trees,  particularly  small  ones, 
jarring  the  trees  will  prove  a  good  remedy,  the  worms  once  shaken  off 
the  tree  cannot  ascend  the  trunk,  as  they  do  not,  like  canker  worms, 
climb  trees  or  let  themselves  down  by  a  thread.  Small  trees  may  also 
beshowered  with  solutions  of  Paris  green,  or  the  various  fluid  insecticides 
recommended  in  the  recent  reports  of  the  Entomologist  of  the  Depart- 
ment of  Agriculture. 

PARASITES. 

A  number  of  cocoons  sent  us  in  1882  by  Mr.  Atkins  were  found  to  be 
in  every  case  tenanted  by  a  minute  chalcid  parasite,  belonging  to  the 
genus  Pteromalus.  If  new  it  may  be  called  Pteromalus  nematicida 
(Plate  XII,  Fig.  8).  About  a  hundred  of  these  issued  from  the  cocoons 
in  the  breeding-box  during  May,  1883.  This  parasite  must  therefore  be 
a  most  destructive  enemy  of  the  larch  worm. 

We  also  noticed  several  bugs,  a  species  of  Podisus,  near  the  common 
spinosus,  preying  upon  the  fully-grown  worms ;  it  ascends  the  trees  and 
pierces  the  worm  with  its  beak,  carrying  it  down  the  tree  and  sucking 
its  blood,  rendering  it  lifeless. 

THE  SPRUCE-BUD  TOETEIX. 

(Tortrix  fumiferana  Clemens.) 
Order  LEPIDOPTERA;  family  TORTRICIDJE. 
[Plate  III,  Fig.  3.] 

The  most  destructive  enemy  of  the  spruce  and  fir  in  Lincoln,  Sagad- 
ahoc,  and  Cumberland  Counties,  Maine,  is  the  Spruce  Tortrix. 

The  habits  of  this  insect  while  in  confinement  have  been  studied  by 
Prof.  C.  H.  Fernald,  of  the  Maine  State  Agricultural  College,  'Orono, 
Me.,  and  his  account  published  in  the  American  Naturalist  for  January, 
1881.  In  the  account  of  the  ravages  of  a  caterpillar  on  the  spruces 
on  the  coast  of  Maine  in  Bulletin  7  of  the  United  States  Entomolo- 
gical Commission,  we  refer  to  this  insect,  which  we  were  unable  to  iden- 
tify, as,  after  repeated  search  in  the  latter  part  of  the  summer,  we  failed 
to  discover  any  traces  of  the  insect  in  any  stages.  In  our  account  we 
gave  greater  prominence  to  the  operations  of  borers  and  bark  beetles 
than  to  those  of  this  caterpillar;  and  while  considerable  damage  was 
undoubtedly  done  to  spruces  and  firs  in  Sagadahoc  and  Cumberland 
Counties  by  those  beetles,  from  farther  inquiries  and  field-work  carried 
on  in  June  and  July,  1883,  in  different  parts  of  Maine,  we  now  have 
little  doubt  but  that  the  destruction  of  spruces  and  firs  along  the  coast 
of  the  State  was  mainly  due  to  the  attacks  of  this  insect. 

The  different  climatic  causes  alleged  to  destroy  forest  trees  in  general, 
would,  in  the  present  case,  have  injured  pines  and  hard- wood  trees,  as 
well  as  spruces  and  firs,  and  the  destruction  would  have  been  general ; 
whereas  the  trees  have  been  killed  by  a  caterpillar  which  is  not  known 
to  live  upon  pines  nor  any  trees  but  spruce,  fir,  and  occasionally  the  i 
hemlock  and  larch.  Individual  trees,  or  clumps  of  trees,  were  attacked, 
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whether  in  high  and  exposed  situations  or  in  hollows ;  occasionally  from 
such  centers  the  worms  seein  to  have  increased  and  spread  from  year  to 
year,  until  all  the  trees  in  localities  several  square  miles  in  extent  were 
killed.  Moreover,  as  we  have  seen  in  the  case  of  the  attacks  of  the  larch 
worm,  the  defoliation  of  spruces  and  firs  repeated  two  and  perhaps  three 
summers  is  sufficient  to  either  kill  the  tree  outright,  or  so  weaken  it  that 
bark-boring  beetles  can  complete  the  work  of  destruction.  We  are  now 
inclined  to  the  opinion,  then,  that  the  Bud  Tortrix  is  the  sole  or  at 
least  main  cause  of  the  destruction  of  spruces  and  firs  in  Cumberland 
and  Sagadahoc  and  Lincoln  Counties,  Maine,  and  that  by  their  attacks 
they  render  the  trees  liable  to  invasion  by  hosts  of  bark  beetles. 

ITS  HABITS  AND   TRANSFORMATIONS. 

The  spruce-bud  worm,  as  we  observed  in  Cumberland  County,  also  at 
Phillips,  and  near  the  Eangeley  Lakes,  on  the  road  from  Phillips  to 
Eangeley,  where  the  trees  by  the  roadside,  as  well  as  in  the  woods, 
were  attacked  by  them,  so  that  they  looked  as  if  a  light  fire  had  passed 
through  them,  feeds  upon  the  leaves  or  needles  of  the  terminal  shoots, 
both  the  first  and  previous  year's  growth.  The  worm  gnaws  the  base 
of  the  needles,  separating  them  from  the  twig,  meanwhile  spinning  a 
silken  thread  by  which  the  needles  and  bud-scales  are  loosely  attached 
to  the  twig ;  the  worm  moving  about  in  the  space  between  the  twig  and 
the  loosened  needles  and  bud-scales,  and  not  living  like  many  leaf-rolling 
caterpillars  in  a  regular  tube. 

The  caterpillar  sometimes  draws  together  two  adjacent  shoots,  but 
this  is  rarely  done;  hence  while  it  is  at  work  it  scarcely  alters  the  appear- 
ance of  the  tree,  and  its  presence  is  only  known  when  the  worms  are 
abundant  enough  to  partly  defoliate  the  trees. 

The  worms  in  June,  1883,  were  in  Cumberland  County  most  abundant 
where  the  dead  or  partially  dead  spruces  abounded ;  but  individual 
worms  could  be  obtained  by  beating  any  spruce  or  fir  in  any  locality, 
showing  that  in  years  of  immunity  from  its  attacks  the  insect  is  a  com- 
mon and  widespread  species.  We  found  the  worms  most  abundant  in 
spruces,  firs,  and  even  hemlocks,  July  1  and  2,  between  Phillips  and  Eange- 
ley, but  after  passing  through  all  the  Eangeley  Lakes,  and  going  from 
Errol,  K.  H.,  to  Berlin,  Gorham,  Jackson,  and  Conway,  $".  H.,  we  found 
that  the  spruces  and  firs  throughout  Northwestern  Maine  and  the  White 
Mountain  regions  had  suifered  no  widespread  damage.  One  and  per- 
haps two  rather  extensive  tracts  of  dead  spruces  were  observed  at  a 
distance  from  the  stage  road  near  Eangeley,  but  throughout  the  vast 
spruce-clad  forests  observable  from  the  lakes  themselves  no  such  tracts 
of  dead  trees  were  to  be  seen.  On  the  contrary,  the  spruce  forests  of 
the  Eangeley  Lake  region  appeared  to  be  as  green  and  fresh  as  any 
forest  we  have  ever  seen.  The  dead  spruces  at  the  water's  edge  of  the 
middle  lakes  were  evidently  due  to  the  high  water  held  in  by  the  middle 
and  lower  dams  during  the  last  two  years.  As  in  any  forest,  there  were 
individual  dead  trees,  sometimes  small  clumps  of  them,  where  the  trees 
had  died  as  the  results  of  tornadoes  or  of  borers.  The  persons  living 
by  the  lakes,  lumbermen  and  others,  informed  us  that  there  had  been 
no  extensive  destruction  of  evergreen  trees  in  this  region. 

The  spruce-bud  worm  attains  its  full  size  and  stops  feeding,  ready 
to  transform  to  a  chrysalis,  in  Cumberland  County  by  the  20th  to  30th 
of  June,  and  about  the  Eangeley  Lakes  and  in  the  White  Mountain 
region  a  few  days  or  nearly  a  week  later. 

When  about  to  change  to  a  pupa  it  remains  in  its  rude  shelter  or 
hiding  place  under  the  loosened  leaves  of  the  shoot,  where  it  turns  to  a 
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chrysalis,  without  spinning  a  regular,  even,  thin  cocoon.  It  remains  in 
the  chrysalis  state  about  six  days.  Those  pupating  at  Brunswick, Me., 
June  28  and  29,  issued  as  moths  July  4  and  5.  When  the  moth  is  ready 
to  break  forth  from  the  pupa,  the  latter  wriggles  part  way  out  of  its 
hiding  place,  and  the  moth  issues,  leaving  the  rent  pupa  skin  projecting 
half  way  out  of  the  end  of  the  shoot.  The  moths  then  appear  from  the 
first  to  the  middle  of  July.  July  16,  after  our  return  from  an  absence 
of  two  weeks,  we  found  that  the  moths  of  both  sexes  had  issued,  and  that 
the  females  had  laid  their  eggs  in  curious  little  patches  on  the  sides  of 
the  breeding-box.  They  must  have  issued  about  the  5th  to  7th  of  July, 
and  immediately  laid  their  eggs,  as  in  one  patch  the  shells  were  empty, 
with  a  small  orifice  in  the  shell,  out  of  which  the  larvae  had  crept. 
Another  patch  was  found  with  a  dark  spot  in  each  egg  showing  the 
head  of  the  embryo  caterpillar ;  these  hatched  July  18, 19.  It  thus  appears 
that  the  embryo  develops,  and  the  caterpillar  hatches,  in  about  ten  days 
after  the  eggs  are  laid. 

The  eggs  are  very  curious  and  very  unlike  those  of  most  moths.  They 
are  pale  green,  scale-like,  broad,  flat  beneath,  moderately  convex  above, 
oval  cylindrical,  a  little  longer  than  broad,  and  in  all  those  which  I  ex- 
amined, both  those  containing  the  embryos,  and  those  which  were  empty, 
the  surface,  contrary  to  Professor  Fernald's  statement,  was  under  a  lens 
seen  to  be  finely  but  irregularly  granulated.  The  shell  is  thin,  and  at  first 
unusually  soft.  Length,  0.9-1.4mm;  breadth,  0.8- lmm.  The  patches 
were  about  3mm  in  diameter,  and  composed  of  as  many  as  30  eggs. 
The  eggs  overlapped  each  other  irregularly,  leaving  about  a  third  or 
fourth  of  the  surface  of  each  egg  exposed. 

From  the  form  and  size  of  the  egg-mass  it  is  evidently  attached  by  the 
moth  to  a  terminal  twig.  The  caterpillars  on  hatching  do  not,  as  Fernald 
observes,  eat  the  shell.  They  hatch  about  or  soon  after  the  middle  of 
July,  and  it  is  most  probable  that  the  caterpillars  become  partly,  per- 
haps almost  wholly,  grown  before  the  end  of  autumn,  and  pass  the  winter 
among  the  terminal  shoots  of  the  tree,  to  finish  their  transformations  the 
following  June  and  July.  It  is  certain  that  there  is  but  a  single  brood  of 
caterpillars.  Professor  Fernald,  in  his  article  in  the  American  Naturalist, 
describes  the  process  of  egg-laying.  He  has  bred  from  the  worms  an 
ichneumon  (Pimpla  conguisitor),  several  dipterous  parasites  and  a  hair- 
snake.  We  have  found  the  insect  to  be  remarkably  free  from  parasites, 
having  bred  about  25  of  the  moths  without  rearing  any  parasites. 

DESCRIPTIVE. 

Larva,  first  stage. — When  first  hatched  the  young  caterpillar  is  uniformly  pale  pea- 
green,  with  a  yellowish  tint.  Head  dark  brown,  but  the  cervical  shield  pale  amber, 
with  two  dark  dots  on  the  hinder  edge ;  hairs  nearly  half  as  long  as  the  body  is  thick; 
length  2.5mm.  At  this  time  the  young  worms  are  very  active,  letting  themselves 
down  by  a  thread  as  readily  as  when  fully  grown. 

Larva  before  last  molt— Body  not  quite  so  thick  as  full-fed  worm;  more  uniformly 
rust-red  brown;  the  piliferous  warts  duller  in  color,  sometimes  not  much  paler  than 
the  rest  of  the  body  towards  the  head,  though  higher  and  more  distinct  towards  the 
end  of  the  body.  Head  black  and  prothoracic  shield  black,  the  latter  pale  on  front 
margin;  no  well-marked,  broad,  lateral,  yellowish-brown  band  such  as  characterizes 
the  adult.  Length  12-13ram. 

Larva  (full-fed).— Body  unusually  thick  and  stout,  tapering  gradually  from  the 
middle  to  the  end,  and  slightly  flattened  from  above,  as  usual ;  head  not  quite  so  wide 
as  the  body,  of  the  usual  form,  dark,  almost  black-brown,  but  lighter  than  before  the 
last  molt;  mouth-parts  dark,  with  paler  membranous  rings  at  the  articulations; 
antennae  with  the  terminal  joint  black. 

Prothoracic  shield  pale  brown,  paler  than  the  body,  with  a  pair  of  dark  blotches  on 
the  hinder  edge  in  the  middle,  and  other  scattered,  smaller,  dark,  irregular  blotches, 
of  which  two  are  situated  in  the  middle  of  the  front  edge,  the  latter  pale  whitish. 

Body  rich  mnber-brown,  diffused  with  olive-green,  especially  on  the  sutures;  with 
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very  conspicuous  and  showy,  large,  whitish-yellow,  piliferous  warts,  forming  flat- 
tened minute  tubercles,  with  a  dark  center  from  which  the  hair  arises.  On  the 
top  of  the  second  and  third  thoracic  segments  is  a  transverse  row  of  four  such  warts 
on  each  segment ;  on  the  upper  side  of  the  abdominal  segments  are  four  warts  arranged 
in  a  short  trapezoid;  they  are  far  apart  transversely,  but  unusually  near  together 
antero-posterior  to  the  body ;  on  the  penultimate  segment  is  a  median,  broad,  light- 
yellowish  spot  on  the  hinder  edge  of  the  segment;  a  large,  round,  convex  area,  form- 
ing the  supra-anal  plate,  from  which  arise  about  six  fine,  long,  pale-brown  hairs. 
Anal  legs  spreading,  with  two  or  three  piliferous  callosities ;  the  terminal  segment  and 
anal  legs  concolorous,  with  an  irregular,  broad,  pale-yellowish,  lateral  band  reaching 
to  the  prothoracic  segment,  and  slightly  tinged  with  ferruginous.  In  this  band,  on 
the  side  of  each  segment,  is  a  pale-whitish,  flattened  wart,  directly  in  front  of  and 
adjoining  the  spiracle;  along  the  narrow,  lateral,  fleshy  ridge  on  each  segment  is  a 
long,  narrow,  pale-yellowish  wart.  Beneath  dull,  livid  greenish,  with  (on  each  seg- 
ment) a  transverse  row  of  four  bright-yellowish  warts,  concolorous  with  those  above ; 
the  two  inner  ones  are  minute,  the  outer  ones  much  larger.  Thoracic  legs  black- 
brown  ;  the  four  pairs  of  abdominal  median  legs  are  pale,  almost  whitish ;  all  the 
hairs  are  fine  and  light-brown  in  color,  and  one-half  as  long  as  the  body  is  broad. 
Length  19mm. 

Pupa. — Body  very  thick,  the  thorax  especially  unusually  swollen ;  the  body,  soon 
after  changing,  pale  horn-colored,  striped  with  brown ;  antennae  and  legs  dark  horn- 
<zolor  or  dull  tan-brown;  wings  pale,  with  the  veins  dark;  the  thorax  pale  horn, 
spotted  with  dark  tan-brown,  with  three  irregular,  dark,  dorsal  stripes ;  meso-scutel- 
lum  and  metauotum  dark;  abdominal  segments  above,  with  two  rows  of  stout  spines ; 
a  lateral  row  of  dark  spots,  and  a  median  spot  on  the  two  basal  segments ;  similar 
spots  on  the  succeeding  segments  lengthened  and  connecting  the  lateral  spots.  Be- 
neath are  two  irregular  rows  of  diflfuso  spots ;  the  hinder  edge  of  the  segments  dark- 
ened ;  the  terminal  segment  uniform  dark,  shining,  tan-brown,  ending  in  a  long,  stout 
point,  on  each  side  of  which  are  two  tightly-curled  spines,  and  two  stouter  but  loss 
curled  larger  ones  at  the  end,  arising  from  a  common  ba'se.  Length  12mm. 

The  moth. — A  large  species,  with  a  stout  body,  and  large  broad,  oblong  fore  wings; 
the  costa  not  excavated  towards  the  apex,  but  full  and  regularly  though  slightly 
curved,  the  apex  being  rectangular ;  head  and  body  umber-brown.  Palpi  very  stout ; 
terminal  joint  short.  Fore  wings  umber-brown,  the  brown  sometimes  replaced  by  rust- 
red  ;  ground-color  bluish-slate ;  on  the  inner  fourth  of  the  costal  edge  are  four  unequal, 
triangular,  brown  spots,  the  second  and  fourth  connecting  with  an  elongated  trans- 
Averse  brown  patch  in  the  middle  of  the  wing.  From  a  point  at  or  just  within  the 
'-middle  of  the  costa  a  very  oblique,  distinct,  broad,  brown  band  crosses  the  wing  in  a 
.zigzag  course,  ending  at  or  near  the  outer  third  of  the  internal  edge  of  the  wing.  This 
broad  band  extends  out  towards  or  connects  with  a  pre-apical  brown  patch  on  the 
>costa;  it  also  sends  an  angle  inwards  behind  the  median  vein,  and  again  another  angle 
•outward  opposite  the  inwardly-directed  angle.  There  are  often  two  distinct,  costal, 
whitish  dots  (sometimes  wanting)  just  before  the  apex,  while  the  apex  itself  is  brown. 
There  is  also  a  large  brown  patch  in  the  middle  of  the  wings  near  the  outer  edge. 
There  are  numerous  fine,  short,  transverse,  brown  lines  dividing  the  wing  into  squares 
•or  checks,  bordered  with  brown.  The  bands  and  short  lines  are  more  or  less  confluent 
or  separate,  varying  much  in  this  respect.  Some  females  differ  in  the  umber-brown 
being  bright  rust-red,  and  the  clay-blue  pale  ferruginous  brown,  while  the  broad, 
•median,  zigzag  band  is  umber-brown  on  the  edges  and  bright  rust-red  in  the  middle, 
.and  the  wing  is  covered  with  an  irregular  network  made  by  the  short  transverse  and 
-longitudinal  dark-brown  lines  enclosing  rust-red  or  smoky-red  patches. 

Legs,  body,  and  hind  wings  glistening  umber-brown  ;  tarsi  ringed  with  pale  brown. 
'The  abdomen  of  the  female  is  very  stout ;  that  of  the  male  ending  in  a  long,  distinct, 
Ihai  ry  tuft.  Described  from  perfectly  fresh  specimens,  5  $ ;  8  9  •  Length  of  body  9-10mm  j 
of  fore  wing  10-12mm;  expanse  of  wings  19-22mm. 

THE  SPBUCB  NEMATUS. 

(Nematus  integer  Say.) 

Order  HYMENOPTERA;  family  TENTHREDINID^. 
[Plate  XIII,  Figs.  6,  6a,  65,  6c.] 

Although  this  insect  is  not,  so  far  as  known,  especially  destructive  to 
evergreen  trees,  yet  it  is  common  over  the  Northern  States  and  may  at 
times  prove  obnoxious.  It  occurs  on  the  spruce  in  Maine  in  the  latter 
part  of  summer,  and  feeds  separately,  not  being  gregarious  as  in  most 
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species  of  Lophyrus  or  the  Larch  Nematus.  It  is  possible  that  the  fly 
escapes  from  the  cocoon  in  the  autumn,  but  as  a  rule  it  without  doubt 
passes  the  winter  in  the  cocoon,  the  fly  making  its  appearance  in  the 
late  spring  and  early  part  of  June,  specimens  having  been  found  dead 
in  the  breeding-box  in  the  middle  of  May. 

DESCRIPTION. 

The  larva. — The  "body  is  long,  broader  than  the  head ;  pale  pea-green  ;  of  the  color 
of  the  leaves  of  the  spruce  among  which  it  feeds.  The  head,  is  smooth,  of  the  same 
color  as  the  body,  with  a  dark  patch  extending  upward  behind  each  eye.  Body  not 
spotted,  but  with  a  dorsal  dark  green  stripe,  bordered  on  each  side"with  whitish 
glaucous  green.  Along  the  body  is  a  lateral  conspicuous  broad  white  stripe,  the  stripe 
much  scalloped  below.  Body  beneath,  and  abdominal  legs,  uniformly  green ;  thoracic 
legs  pale  honey  yellow,  except  at  base.  Length  17mm. 

Cocoon. — Of  the  usual  oval  cylindrical  form ;  of  a  pale  horn  color,  of  the  usual 
density,  the  walls  being  opaque.  Length  IS*1"1 ;  diameter  4mm. 

The  saie-fly  (imago)  [2  females]. — Antennas  9-joiuted;  flagellurn  minutely  hirsute, 
7-jointed,  the  two  basal  joints  of  flagellum  equal  in  length;  head  and  body  dull  amber 
yellow  (testaceous) ;  eyes  black  ;  ocelli  situated  in  a  dark-brown  patch ;  a  black 
irregularly  triangular  spot  above  the  insertion  of  each  antenna,  being  situated  in  a 
pit  between  the  eyes  and  the  intier  edge  of  the  broad  orbits.  A  single  minute  trian- 
gular black  spot  between  the  antennae ;  clypeus,  labrum,  and  palpi  pale  dull  amber 
(testaceous),  concolorous  with  the  head ;  the  mandibles  dark  at  tips. 

Prothorax  above  not  spotted.  Mesonotum  with  three  longitudinal,  dark,  broad 
stripes  ;  prajscutum  dusky  reddish  brown,  pale  on  the  sides ;  on  the  middle  of  each 
half  of  the  scutum  a  broad  blackish  band  reaching  the  front  edge,  but  not  extending 
posteriorly  behind  a  point  parallel  with  -the  apex  of  the  scutelluin.  Behind  and  be- 
tween the  ends  of  these  dark  bands  are  two  small  dark  spots.  Scutelluin  on  the 
posterior  half  dark  brown*;  the  inetascutum  is  black.  Sides  of  the  thorax  and  beneath 
pale  faded  amber  (testaceous),  with  a  triangular  black  spot  on  the  sides  of  the 
prothorax  below  and  in  front  of  the  wings. 

Abdomen  of  the  same  color  as  the  rest  of  the  body,  but  on  the  sides  and  beneath 
with  a  greenish  tinge  ;  above  black,  especially  towards  the  base,  next  to  the  thorax ; 
the  segments  above  being  banded  transversely  with  black  on  segments  1-8,  the  bands 
growing  shorter  (transversely)  behind,  until  on  the  8th  segment  the  dark  band  is 
scarcely  wider  than  long  ;  the  black  bands  extend  on  each  side  of  the  front  edge  of 
each  segment,  forming  a  point  on  each  side.  Under  side  of  nieso-  and  metathorax  a 
little  dusky. 

Fore  and  mid  die  pair  of  legs  testaceous;  extreme  tips  of  tibiae  and  tarsal  joints  with 
a  very  narrow  black  ring ;  last  tarsal  joint  with  the  pad  (pulvillus)  and  end  of  claws 
dark.  Hind  legs :  femora  in  color  testaceous  ;  tibiae  a  little  dusky,  paler  towards  the 
femora ;  all  the  tarsal  joints  equally  dusky.  Ovipositor  at  base  reddish  horn  color, 
tip  blackish.  Wings  with  the  veins  blackish  brown  ;  costal  edge  paler ;  stigma  dark 
testaceous ;  4  subcostal  cells,  the  1st  or  innermost  4-sided,  subquadrate.  Length  of 
antenna  5mm  j  length  of  body  without  antennae  8mm  ;  length  of  a  fore  wing  8mm. 

NOTE. — This  agrees  in  all  respects  with  Mr.  Norton's  description  of  Nematus  integer 
Say,  var.  a  (Trans.  Amer.  Ent.  i,  216).  It  is  recorded  from  Maine,  Massachusetts, 
Connecticut,  New  York,  Pennsylvania,  and  Indiana.  It  thus  seems  to  be  a  widely 
distributed  species.  It  is  closely  allied  to  Say's  JV.  vertebratus  and  to  Norton's  JV.  trili- 
neatus,  but  the  pale  fore  and  middle  tarsi  and  the  greenish  tint  distinguish  it.  The 
description  of  the  larva  is  taken  from  Bulletin  7,  U.  S.  Ent.  Comm.,  p.  234,  No.  20. 


THE  HEMLOCK  GELECHIA. 

Gelediia  abietisella,  n.  sp. 

Order  LEPIDOPTERA  ;  family  TINEIDJS. 

[Plate  III,  Fig.  2;  Plate  XIII,  Figs.  7,  7a,  7&.] 

During  the  spring  of  1883,  the  hemlock  trees,  large  and  small,  in  the 
vicinity  of  Providence,  E.  I.,  were  observed  to  be  much  disfigured  by 
the  attacks  of  a  small  Tineid  worm,  causing  sere  and  dead  patches  of 
leaves  on  the  smaller  branches  and  twigs  of  both  large  and  small  trees. 
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The  small  pale-green  caterpillars  bite  off  from  six  to  eight  leaves,  con- 
structing a  broad  flat  irregular  case ;  the  leaves  on  being  separated  from 
the  twig  turning  red  or  yellowish,  thus  forming  a  conspicuous  patch. 
This  rude  case  is  held  together  with  silk,  the  worm  living  in  a  rude 
silken  tube,  and  feeding  upon  the  inside  of  the  leaves.  The  length  of 
this  tube,  within  which  the  little  caterpillar  finally  changes  to  a  chrysalis, 
is  from  8  to  10mm  in  length. 

The  worms  are  found  from  the  first  of  May  through  the  month  of 
June.  One  changed  to  a  pupa  in  its  tube  about  the  20-25th  of  May, 
and  the  moth  (in  confinement)  appeared  June  1.  Other  chrysalids  were 
found  in  the  tubes  from  June  20  to  30,  the  moths  making  their  appear- 
ance early  in  July. 

The  moth  is  beautifully  marked,  and  probably  examples  occur  through- 
out the  suifcmer.  Without  doubt  the  eggs  are  laid  on  the  twigs  or  leaves 
in  the  summer,  and  the  caterpillars  become  almost  full-fed  before  the 
winter,  hibernating  in  their  cases,  becoming  active  in  the  spring.  The 
worms  are  preyed  upon  by  an  ichneumon,  the  oval  cocoon  with  one  pupa 
which  had  recently  transformed,  and  another  ready  to  imaginate  occur- 
ring in  the  cases  June  9th. 

DESCRIPTIVE. 

The  full-grown  larva. — Body  sleiider,  cylindrical,  not  flattened.  Head  of  the  normal 
form,  not  modified  in  shape  as  in  leaf-mining  larvae;  not  so  wide  as  the  body,  smooth, 
amber  colored.  Body  tapering  slightly  towards  both  ends,  pale  green,  of  the  same 
hue  as  the  under  side  of  the  leaves  of  the  hemlock.  Cervical  shield  well  marked, 
greenish  amber.  Each  segment  is  dorsally  divided  by  a  transverse  suture  into  two 
slight  folds,  on  the  anterior  and  larger  of  which  are  four  dark  green  piliferous  warts 
arranged  in  a  straight  line,  and  two  on  the  hinder  division  or  fold.  There  are  similar 
warts  on  the  sides  and  beneath.  Legs  6-f-Bj  the  thoracic  feet  are  pale,  blackish  at 
tip.  The  four  pairs  of  abdominal  legs  are  concolorous  with  the  body.  The  supra-anal 
plate  amber-green,  with  a  few  long  setae,  as  long  as  the  body  is  thick.  Length  Q1**0. 

Pupa  (alive). — In  form  slender,  spindle-shaped,  the  head  considerably  narrower 
than  the  body,  gradually  tapering  from  the  thorax  to  the  end  of  the  body;  antenna} 
and  wings  reaching  to  the  hinder  edge  of  the  5th  abdominal  segment.  End  of  the 
abdomen  rather  blunt  and  rounded,  with  a  few  very  fine  hairs.  Along  the  side  of  the 
abdomen  a  row  of  short,  thick  spinules,  one  on  the  side  of  each  segment,  none  on  the 
back ;  a  pair  of  such  spines  on  the  under  side  of  the  6th  segment.  Eyes  reddish ; 
body  pale  amber,  with  a  greenish  tint  on  the  thorax.  The  two  terminal  segments 
darker  than  the  rest  of  the  abdomen,  and  concolorous  with  the  head.  Length,  4-5mm. 

The  moth. — Rich  buif-yellow,  with  rich  golden  and  white  scales.  Head  and 
thorax  white,  with  a  few  buif-yellow  scales.  Palpi  buff-yellow,  with  the  basal  joint 
somewhat  blackish  on  the  upper  edge ;  terminal  joint  long  and  slender,  with  two  black 
imperfect  rings,  the  tips  acute,  white;  eyes  black.  Antennae  black,  with  numerous 
fine  white  rings;  they  scarcely  taper  to  the  tip.  Fore  wings  long  and  narrow,  of 
nearly  the  same  width  throughout ;  the  outer  edge  much  rounded ;  the  fringe  at  the 
outer  angle  long  and  dense ;  buff-yellow,  with  white  and  golden  scales ;  costa  black 
at  base ;  beyond  are  three  large,  nearly  equidistant,  long  black  costal  spots  more  or 
less  connected  on  the  extreme  costal  edge  ;  three  equidistant  black  points  on  the  sub- 
median  vein,  the  first  situated  opposite  a  point  half  way  between  the  two  basal 
costal  spots ;  the  second  opposite  the  end  of  the  second  costal  spot,  and  the  third  op- 
posite the  third  costal  spot ;  the  third  spot  is  sublinear  and  ends  on  the  edge  of  the 
wing  at  the  internal  angle.  On  the  costal  part  of  the  apex  of  the  wing  is  a  curved 
row  of  four  black  spots,  the  fourth  situated  at  the  extreme  apex  of  the  wing,  and  on 
the  outer  and  hinder  edge  are  two  or  three  minute  black  dots,  between  which  and  the 
fringe  is  a  white  patch,  the  fringe  being  also  streaked  with  white.  All  the  black 
spots  are  more  or  less  edged  on  one  side  with  white  scales.  The  fringe  on  the  outer 
costal  half  is  lead  color  with  minute  black  scales  at  the  apex  of  the  wing.  Below  and 
within,  the  long  silky  fringe  is  much  paler.  Hind  wings  very  narrow,  almost  linear 
at  tip,  and  with  the  fringe  concolorous  with  the  fridge  of  fore  wings  below  and  within 
the  apex.  Body  and  legs  pale  glistening  buff-yellow.  Hind  tibiae  long,  with  a  wide 
fringe ;  first  pair  of  tibial  spines  twice  as  long  and  about  one-half  as  thick  as  second 
pair ;  the  tarsi  ringed  with  black  and  white.  Length  of  body  5mm ;  of  fore  wing  5mm ; 
expanse  of  wings  llmm. 
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REPORT    OF    PROGRESS   IN  EXPERIMENTS   ON    SCALE- 
INSECTS,  WITH  OTHER  PRACTICAL  SUGGESTIONS. 

BY  H.  G.  HUBBARD,  Special  Agent  of  the  Division. 
SOAP  EMULSIONS. 

Further  experiments  with  kerosene  emulsions  prove  that  various  soaps 
can  be  readily  made  to  combine  with  the  oil,  and  that  the  soap  and 
kerosene  emulsions  are  as  effective  as  those  formed  with  milk.  The  use 
of  soap  materially  reduces  the  cost,  except  where  milk  is  abundant  and 
cheap,  as  is  very  seldom  the  case  in  Florida. 

Common  bar  soap,  soft  soap,  and  whale-oil  soap  have  been  tried  and 
found  to  be  almost  equally  good.  Whale-oil  soap,  when  of  good  quality, 
may  be  preferred,  as  it  is  stronger,  and  adds  to  the  insecticidal  proper- 
ties of  the  emulsion. 

The  following  formula  is  one  which  has  proved  in  practice  useful 
where  a  moderate  quantity  of  emulsion  is  required.  It  gives  a  wash  of 
sufficient  strength  to  kill  the  eggs  of  the  scale-insects  commonly  found 
in  Florida: 

KEROSENE  AND  SOAP  EMULSIONS. 

Formula. 

Kerosene. 2  gallons  =  67  per  cent. 

Common  soap  or  whale-oil  soap £  pound  )       Qo 

Water 1  gallon  j=33Percent- 

Seat  the  solution  of  soap  and  add  it  boiling  hot  to  the  kerosene. 
Churn  the  mixture  by  means  of  a  force-pump  and  spray-nozzle  for  five 
or  ten  minutes.  The  emulsion,  if  perfect,  forms  a  cream,  which  thickens 
on  cooling,  and  should  adhere  without  oiliness  to  the  surface  of  glass. 
Dilute,  before  using,  one  part  of  the  emulsion  with  nine  parts  of  cold 
water.  The  above  formula  gives  3  gallons  of  emulsion  and  makes,  when 
diluted,  thirty  (30)  gallons  of  wash. 

The  percentage  of  oil  can  be  increased  considerably  without  danger 
to  the  plant,  and  a  stronger  emulsion  may,  in  fact,  be  required  in  coping 
with  some  of  the  Aspidiotus  scales,  upon  which  we  have  had  no  opportu- 
nity to  experiment.  But  the  amount  of  kerosene  in  the  emulsion  cannot 
be  greatly  reduced  without  weakening  too  much  its  power  as  an  insecti- 
cide. 

The  amount  of  soap  may  also  be  varied,  but  less  than  one  quarter  ot 
a  pound  to  the  gallon  of  water  forms  an  unstable  emulsion. 
.     After  another  year  of  experiment  and  practical  experience  in  the  use 
of  kerosene  emulsions  as  a  remedy  for  scale-insects  we  see  no  reason  to 
change  the  opinions  expressed  in  former  reports. 

The  distrust  of  kerosene  naturally  felt  at  the  outset  has  in  time  given 
place  to  confidence,  and  the  emulsions  are  now  widely  used  by  orange- 
growers  in  Eastern  Florida.  Many  groves  treated  with  kerosene  emul- 
.  sions  have  been  under  our  own  observation,  and  the  results  have  been 
uniformly  beneficial.  Want  of  thoroughness  in  applying  the  wash, 
however,  frequently  renders  repeated  applications  necessary. 

The  invention  and  introduction  of  the  cyclone  nozzle  by  the  Depart- 
ment of  Agriculture  greatly  diminishes  the  labor  of  applying  the  liquid 
to  orange  trees  and  insures  success  with  ordinary  care  and  attention,  at 
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PLATE  T. 

C'AliHAGK  WORJ1S. 


(Original.) 


Fin.   1.  Pieris  rapee  %* 

FIG. la.  Pieris  rapie :,  ,  ovipositisg. 

FIG.  16.  Pieris  rapcecf 

FIG.  lo.  Pieris  rapue,  larva1  of  different  stages. 

FlG.  Irf.  Pieris  rape?,  chrysalis. 

FIG.   2.  Pin  si  a.  braiu<ic<r.  larva. 

FIG.  -2a.  Plusia  branjica;  pupa  and  cocoon. 


Fro.  3.  J\[amestra  picta,  larva.. 
FIG.  3a.  -J/rtmesfra  picta,  motli . 
FIG.  4.  Pionea  rimosalis,  larva. 
FiG.4a.  Pionea  rimosalis,  moth. 
FIG.   5.  Mamestra  chenopodii,  larva. 
FIG.  t>.  Plutella  cruciferaruin,  larva. 
FIG.  Ga.  Flittella  cruciferarum,  pupa. 


PLATE  II. 


THE  LESSER  LOCUST. 

(From  Report  I,  TJ.  S.  E.  C.) 


FK;.  1.  ('al>jifenns  atlitnitt.  newly  hatched  or  in 
first  larval  stage,  from  side;  Ib,  same, 
while  yet  pale,  from  above;  lc.  aii- 
tt'una  of  same. 

FIG.  2.  Second  stage ;  '_'«,  antenna :  2b,  thorax,  from 
above-  :>.  thorax,  from  side. 

FIG.:;.  Third  stajre:  ::.'/,  ant«-nna;  3fc,  thorax,  from 
above:  :;<•,  thoiax,  from  si<l<j. 

FIG.  4.  Fourth  stagt\  or  r'rsi  j.upnl  stage:  4n,  an- 
tenna; •!'/,  thorax,  fioui  above;  •*•'. 
thorax,  from  side. 

FIG.  5.  Fifth,  stage,  of  true  pupa;  ">«,  antenna;  06, 
thorax,  from  above;  5c,  thorax,  from 


side;   ad,  pupal  exuvuc,  or  last  skin 

shed. 
FIG.    6.  Sixth  stage,  or  mature  insect;  the  figure 

showing  a  typical  male — natural  size. 
FIG.    7.  Typical  female,  with  wings  expanded— 

natural  8ize. 
FIR.    9.  Enlarged  thorax  of  mature  insect,  from 

above ;  (J«,  same,  from  side. 
FIG.  10.  Anal  characters  of   male,   from,  above; 

JOrt,  same,  from  side;  10&,  same,  from 

behind. 
Fi<;.  11.  Anal  characters  of  female,  from  side;  lla, 

anal  characters  of  female,  irom  above. 


PLATE  III. 

FOREST  TREE  INSECTS. 


(Original.) 

FIG.   1.  Xoti.atv.s  erichsonii,  female  (enlarged).  FIG.  Id.  Larch  twig  denuded  by  AT.  erichsonii. 

FlG,  Iff.  \ei)tat'is  erichsonii,  outline  (natural  size). 


FK;.!/>. 
FlG.  lc\ 


erichsonii,   larvae    of  different 

••<'>nii,  cocoon. 


FIG.   2.   fielechia  abieticida,  adiilt  (enlarged). 


!•!•.. •_'</..  Twiji  of  spruce  damaged  by  G.  abieticida. 
FIG.   3.  Turtrix  f  unit  far  ana,  male  (enlarged). 


PL  ATI:  iv. 


HAND-i;i.O\Vi:i:    roR   UXDEHSlMtAYlKG   AND   l".)\V!>KUIXG    WlTil    1N6ECTICJDB8. 


(Original ;  W.  S.  Barnard,  del.') 


FIG.  1.  Direct  powder  blower;  bellows,  V;  hollow 
handles,  It;  powder  can.  /;,-  to  dis- 
charge. *•;  i'eed  adjuster,^;  screw-<-aj>.//. 

FIG.  2.  Powder-can  iii  section;  blast  tube,  er;  side 
slot  and  feed  regulator,  oj;  body  of 
can,  'i>:  screw-cap,  >t. 

FIG.  15.  Exterior  cieiv  of  can  n:i(h  crooked  extension 
<  .'U.i';  screw-cap,  »/; 
gaiiuf,/'.-  upward  discharge,  --••. 

FlG.  4.  Bellow*,  a.m.  and  »tfni<jbt  extension  pipe 
>'•!!/>  iff!  iliachcrfjp;  bellows,  /:,-  ln-ad,./'; 
gau/e  valve  cover,  Z;  handle,  h;  fau,y>,- 
coii]de,  or  hose,  r.-  j)ij)e,  /,•  discharge, ,;. 

FIG.  ~>.  Compact  beUoiog~c&n arrangement;  cau,pp; 


screw-cap,  .'/.-  handle,  A;  valve  gauze, 
Z:  liead.j,-  discharge  pipe,  h,e,r,c. 

FIG.  0.  Hand  bellotcs  Kpraij  bloirer ;  bellows,  ",• 
<ian>;e.  valve,  Z;  handle,  ft;  discharge 
pipe,  h  ;/ r  i  s;  spray,  s;  screw -cap 
couple,.*/;  can.p;  apex,a;;  bases,  a  n; 
supj)ly  tube,  I. 

FIG.  7.  Liquid  can  in  section;  blast  pipe,  ?/;  can,/); 
suction  pipe,  xp  y;  blast  inlet,  ?/;  a]>ex, 
.(•:  bases,  <•  n :  su]>ply  tube,  I. 

FlG.  H.  MoUth  spray-blotter  n-(th  direct  dischargf: 
inoulh  piece,  o  ;  blast  tube,  tejs; 
cou()le.  f;  screw-cap,;/,-  can,  p;  apex, 
a1;  bases,  a  ii;  supply  tube,  i. 


PLATE  V. 

U.VU'S.U'K    I't/.ML1    rM»Kl;rtl'RAYI-;R   AND   Al'l'I-'UTEXAXCES    FOR   Al'l'LVING   I.NSKCTK  IUKS. 


FIG.  1.  K-napsc.ck  pi'mp  undersprai/er  iu  opera- 
tion: loops,  b  b;  support  can,  k:  suc- 
tion hose.  /•  h  <';  ejeotbt-pump,  c  x;  pis- 
ton u>.l  extension,  .<••«'«.-  to  eddy  cham- 
ber J)ox,/,]e,  it:  siile  spray,  x. 
2.  Edd;i  chdii-hrr  nuzzle,  natural  si/.e;  lace 
view  and  sectiou. 


(Original:  W.  S.  Barnard,^.) 

FIG.  3.  Eddy  clmmbcr  nozzle,  f,  for  direct  dis- 
charge,. 

FIG.  4.  Trailing  pipe  fork;  its  stem  pipe,  f;  y-fork, 
ii:  inside  s]>ring  rods,  a  js;  flexile 
joints,  ci-:  lii'an  -plate,  or  shoe,  ee,-  uoz- 
•/.]{'  arm-pipes,  i  i;  their  swing,  m  n  tit; 
nozzles,  n  n. 


EXPLANATION    TO    PLATES. 


PLATE  VI. 


DEVICES  FOR  UNDERSPRAYIXG  TREES  WITH  IX8KCTICIDES. 

(Figs.  1  and  2  original ;  3  and  4  from  Ann.  Kept.  Dept.  Agr.  1881-2.) 


FIG.  1.  Parts  of  hose-pole  device  for  spraying  trees,- 
bamboo  pole,  b  b;  drip  washer,  j;  hose, 
h  Xf  side  hook,  v;  eddy  chamber  noz- 
zle, n  m;  spray,  z  s. 

FIG.  2.  Metallic  hand  pipe  with  diagonal  nozzle,- 
hose,  h;  metallic  pipe,  t;  diagonal  eddy 
chamber  nozzle,  n;  its  removable  face, 
i;  spray,  *. 

FIG.  3.  Barrel  rest  or  skid;  two  coupling  cleats,  66; 
two  side  rests,  a  a;  chamfered  con- 
cave, c  c. 


FIG.  4.  Stirrer  pump  with  barrel  and  mixer  funnel 
in  section;  funnel,  u;  its  cylindrical 
sides,  g  g;  funnel  base,  1 1;  spout,  p; 
(in  bung -hole,  k),  gauze  septum,  d; 
barrel,  k  k;  trunnions,  i;  trunnion 
eyes,  e;  wedge,  v;  lever-fulcrum,  /; 
pump  lever,  i  i;  swing  of  the  lever 
head  and  piston  top,  a  b  C;  cylinder 
packing  cap,  c;  cylinder,  q;  its  swing, 
x  y;  stirrer  loop  or  eye,  h;  stirrer  bar, 
m  ?i;  rope,  w  w;  bung,  r  z. 


FIG.  1.  Coal-oil  pan,  large  size. 
FIG.  2.  Coal-oil  pan,  small  size. 


FIG.  1.  The  Bobbins  Coal-tar  pan. 
FIG.  2.  The  Flory  Locust-Machine,  front  view— in 
operation. 


PLATE  VII. 
(From  Ftept.  I,  TL  S.  E.  C.) 

FIG.  3.  The  Anderson  Coal-oil  contrivance. 


PLATE  VIII. 
(From  Kept.  I,  U.  S.  E.  C.) 

FIG.  3.  The  same,  side  view  of  frame. 


PLATE  IX. 

(From  Kept.  I,  U.  S.  E.  C.) 

FIG.  1.  The  Eiley  Locust  Catcher. 

PLATE  X. 

CABBAGE  WORMS. 

(Fig.  1  original;  2,  3,  4  after  Kiley ;  5  after  Harris.) 


FIG.  1.  Pieris  monuste;  a,  larva;  b,  pupa;  c,  adult. 
FIG.  2.  Pieris  protodice,  c?. 
FIG.  3.  Pieris  protodice,  ?. 


FIG.  4.  Pieris  protodice;  a,  larva;  6,  pnpa. 
FIG.  5.  Pieris  oleracea;  a,  larva. 


PLATE  XI. 

(Figs.  1,  3,  4,  5,  and  6  original;  2  alter  Riley.) 


FIG.  1.  Phymata  erosa;  a,  dorsal  view  (enlarged) ; 
b,  side  view  (enlarged) ;  c,  front  leg 
(enlarged);  d, rostrum  (enlarged). 

FIG.  2.  Plusia bragsicce,-  a,  larva ;  6,  pupa;  c,  moth. 

FIG.  3.  Plutella  cruciferarum;  a,  larva  (enlarged ) ; 
6,  dorsum  of  a  single  joint  (greatly  en- 
larged) ;  c,  side  view  of  same ;  d,  pupa 
(enlarged) ;  e,  cocoon  (enlarged) ;  /, 
moth  (enlarged) ;  g,  wings  of  dark  va- 


FIG.  4. 
Fig.  5. 
FIG.  6. 


riety  (enlarged) :  h,  moth  at  rest  (en- 
larged) :  f,  creinaster  of  pupa  (greatly 
enlarged). 

Pionea  rimosalis ;  a,  larva;  6,  pupa;  c, 
moth ;  rf,  segment  of  larva  (enlarged*. 

Larva  of  Plusia  brassiere  parasitized  by 
Copidosoma  trnncatellum. 

Copidosoma  truncateUum  (greatly  en- 
larged). 


PLATE  XII. 


(Figs.  1  and  3  original;  2  after  lliley.) 


Fis.  1.  Mamestra  chenopodii;  a,  b,  larva;  c,  pupa; 

d,  moth ;  e,  wing  of  same  (enlarged) ;  /, 

anal  segment  of  pupa. 
FIG.  2.  C'eramica pictn,-  a, larva;  6,  moth. 
FIG.  3.  Oaleruca  xanthomelcena,-  a,  eggs;  b,  larva?; 

c,  adult;  e,  eggs  (enlarged);  /,  sculp- 


ture of  eggs;  (j,  larva  (enlarged);  ft, 
side  view  of  givatly  enlarged  segment 
of  larva;  i,  dorsal  view  of  -same:  j, 
pupa  (enlarged) ;  k,  beetle  (enlarged) ; 
I,  portion  of  elytron  of  beetle  (greatly 
enlarged). 


PLATE  XIII. 


(Original;  Packard— Gissler,  del.) 


FIG.  1.  Nematus  erichgonii?  head  of  larva  before 

last  molt. 

FIG.  la.  Same,  full-grown  larva. 
FIG.  2.  Maxilla  of  same,  from  above;  g,  galea;  lac, 

lacinia ;  palp,  palpus. 
FIG.  3.  Same,  underside;  mx,  maxilla;  mxp,  max- 

illary  palpus;  mx',  labium;  mx'p,  labial 

palpus. 

FIG.  4.  Mandible  of  same. 
FIG.   5.  Pteromalns  parasitic  on  same. 
FIG.  6.  Nematus  integer,  head  and  thorax;  psc, 

praescutum;   sc,  scutum;  scl,  scutel- 

lum. 


FlG.6a.  Same,  ovipositor;  9,  10,  9th  arid  10th  ab- 
dominal segments;  ov,  ovipositor;  c, 
cercopod. 

Flo.  66.  Same,  wing. 

FIG.  6c.  Same,  antenna. 

FIG.  7.  (jfilechia  abietisella,  larva  enlarged  (natu- 
ral size  indicated  by  hair  line). 

FIG.  la.  Same,  head  and  thoracic,  and  first  abdomi- 
nal joints  more  highly  magnified. 

FIG.  76.  Same,  terminal  joints  on  same  scale  as  last. 
All  the  figures  magnified. 
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LARCH  AND  SPRUCE  INSECTS 


No.  4.]    SHADE-TREE   INSECT  PROBLEM.  77 


THE  SHADE-TREE  INSECT  PROBLEM. 


I'.V    A.    II.     KIKKLAND,    M.S.,    BOSTON,    MASS. 


The  love  of  nature  common  to  man  never  finds  worthier 
expression  than  in  the  planting  of  shade  trees.  We  plant 
orchards  that  our  financial  resources  may  be  increased ;  we 
plant  shade  trees  primarily  that  our  environment  may  be 
adorned  and  our  inner  lives  enriched.  The  limitations  of 
circumstances  may  restrict  our  planting  to  a  few  specimens 
of  some  favorite  variety ;  or  it  may  be  our  good  fortune  to 
have  a  part  in  beautifying  streets  and  public  places  with 
trees  that  will  contribute  to  the  enjoyment  of  thousands  to 
us  unknown.  In  either  case  we  pay  homage  to  nature  as 
manifested  under  one  of  her  most  pleasing  forms.  What  a 
tribute  to  the  good  taste  and  good  sense  of  past  generations 
are  the  magnificent  elms  that  adorn  the  valley  of  the  Con- 
necticut. These  monarchs  of  the  meadow  are  all  around  us. 
Had  they  voices,  what  tales  could  they  relate  of  genera- 
tions and  events  whose  records  have  long  since  passed  into 
history.  Beside  their  ripened  age  the  span  of  human  life 
seems  as  but  a  watch  in  the  night.  We  approach  them  with 
admiration  that  is  akin  to  reverence.  Here  they  have  con- 
templated the  passing  centuries  ;  here  they  have  witnessed 
the  development  of  a  great  nation  ;  and  here  they  still  stand, 
eloquent  though  silent  witnesses  of  the  forefathers'  love  for 
the  beautiful  and  thoughtfulness  toward  posterity. 

And  perhaps  it  is  well  for  our  peace  of  mind  that  audible 
speech  has  been  denied  our  grand  old  trees.  Had  they 
voices,  no  doubt  they  would  cry  out  at  the  injuries  and 
wanton  neglect  too  often  falling  to  their  lot.  Their  roots, 
anchored  deep  in  the  earth,  are  severed  to  make  way  for 
curbings  or  water  mains  ;  their  Heaven-seeking  tops  are 
butchered  to  give  clear  passage  to  electric  wires ;  and,  what 
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is  more  common,  their  foliage  is  denuded  and  their  vitality 
sapped  by  hosts  of  hungry  insects  whose  ravages  might  be 
prevented  with  a  minimum  amount  of  intelligent  effort  on 
the  part  of  man. 

So  general  is  this  latter  form  of  injury  that  tree  lovers  are 
being  continually  brought  to  face  what  may  be  well  named 
''The  shade-tree  insect  problem."  The  damage  may  be 
slight,  and  confined  to  a  single  valued  tree ;  or  it  may  be 
great,  and  seriously  affect  the  shade  trees  of  an  entire  com- 
munity. Under  one  guise  or  another  the  problem  recurs 
with  the  seasons  and  apparently  in  increasing  magnitude. 
It  is  indeed  a  problem  that  may  well  receive  the  earnest 
consideration  of  this  Board,  — a  body  which  for  half  a  cen- 
tury has  actively  and  consistently  encouraged  every  effort 
making  for  the  better  preservation  of  fruit  and  shade  trees. 

That  damage  by  insects  is  increasing  seems  to  be  an  ac- 
cepted generalization.  Things  were  not  thus  in  "  the  good 
old  days,"  if  we  are  to  believe  commonly  circulated  state- 
ments. Admitting  frankly  that  insect  damage  is  now  of 
more  importance  than  formerly,  I  would  suggest  that,  in 
contrasting  present  with  past  conditions,  due  allowance  be 
made  for  the  infirmities  of  memory  and  the  deficiencies  in 
records.  Accounts  of  insect  depredations  in  the  early  years 
of  civilization,  while  relatively  scarce,  show  that  injury  by 
these  pests  has  been  contemporaneous  with  the  development 
of  agriculture. 

Considering  the  slight  attention  given  to  natural  history 
in  early  literature,  the  sacred  writings  contain  many  inter- 
esting references  to  insect  damage.  Of  the  plagues  of 
Egypt,  three  were  of  an  entomological  nature,  —  lice,  flies 
and  locusts ;  while  the  lament  of  the  prophet  Joel,  "That 
which  the  palmerworm  hath  left  hath  the  locust  eaten  ;  and 
that  which  the  locust  hath  left  hath  the  cankerworm  eaten  ; 
and  that  which  the  cankerworm  hath  left  hath  the  caterpillar 
eaten,"  may  well  strike  a  responsive  chord  in  the  hearts  of 
agriculturists  of  the  present  day. 

Three  hundred  years  before  Christ,  Aristotle  described 
several  noxious  insects  ;  while  Pliny,  writing  about  77  A.D., 
has  given  lengthy  details  of  insect  damage.  Theological 
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writings  of  the  middle  ages  describe  several  church  trials  of 
the  insect  pests  of  that  day.  Such  proceedings  were  of  a 
most  serious  and  formal  nature.  The  pests  were  haled  (by 
proxy)  before  the  bar  of  the  church,  and,  after  being  found 
guilty,  were  subjected  to  anathemas  and  maledictions.  We 
may  say  parenthetically  at  this  point  that  this  unique  method 
of  dealing  with  insect  pests  has  been  described  at  length  by 
M.  Laverune  in  "  Cosmos,"  of  Sept.  12,  1897  ;  and  that  in 
the  year  of  grace  1899  an  attempt  was  made  to  check  the 
forest  tent  caterpillar  invasion  at  St.  Hilaire,  P.  Q.,  by  sim- 
ilar means.  Later  newspaper  reports  indicate  that  the  use 
of  Paris  green  finally  proved  a  more  effective  remedy. 

The  historic  outbreak  of  the  brown-tail  moth  at  Grenoble 
in  1543  is  one  of  the  best  authenticated  instances  of  wide- 
spread damage  from  caterpillars. 

The  Puritan  settlers  of  Massachusetts  early  found  their 
attempts  at  agriculture  hindered  by  the  attacks  of  native 
insects,  and  gravely  recorded  the  seasons  of  1646  and  1649 
as  "  caterpillar  years." 

Scarcely  a  century  ago  Damage  by  the  canker  worm  in 
Boston  and  vicinity  led  the  Massachusetts  Society  for  Pro- 
moting Agriculture  to  offer  a  substantial  reward  for  the  best 
treatise  on  the  insect,  and  means  for  preventing  its  ravages. 

Between  1860  and  1880  damage  by  the  gypsy  moth  in 
the  forests  of  central  and  southern  Russia  reached  a  severity 
hardly  paralleled  by  any  insect  depredations  previously 
recorded. 

I  have  given  some  space  to  the  mention  of  these  historical 
insect  depredations,  to  emphasize  the  point  that  in  all  lands 
and  at  all  times  noxious  insects  have  vexed  the  labors  of  the 
tiller  of  the  soil,  and  that  the  present  is  not  an  unusual 
period,  so  far  as  damage  by  insects  is  concerned.  Com- 
pared with  past  standards,  however,  it  is  an  unusual  period 
in  the  increased  attention  given  to  the  care  of  trees.  Never 
before  have  so  many  people  been  interested  in  the  cultiva- 
tion of  trees ;  never  before  have  greater  efforts  been  made 
to  disseminate  information  concerning  their  proper  treat- 
ment. The  care  of  public  shade  trees  is  being  made  gener- 
ally a  public  duty  throughout  the  land.  The  tree  warden 
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act  in  this  State  is  an  encouraging  sign  of  the  times,  show- 
ing the  drift  of  popular  sentiment.  The  enhanced  value 
now  placed  upon  shade  trees  leads  naturally  to  an  increased 
appreciation  of  the  damage  wrought  by  shade-tree  insects, 
—  an  interest  bound  to  grow  with  the  increasing  concentra- 
tion of  population  in  cities  and  their  suburbs. 

Of  three  principal  factors  directly  favoring  an  increase  in 
insect  depredations  of  shade  trees,  one  of  the  most  impor- 
tant is  the  massing  throughout  large  areas  of  a  single  species 
of  tree,  in  accordance  with  the  modern  dictum  "  that  every 
connected  street  must  be  planted  with  a  single  variety  of 
tree."  Insects  are  more  or  less  critical  in  matters  of  diet, 
the  tent  caterpillar  preferring  the  wild  cherry,  the  elm- 
beetle  the  various  species  of  elm,  the  brown-tail  moth  the 
pear,  and  so  on  throughout  the  list.  Where  the  chosen 
food  plant  of  a  particular  insect  has  been  planted  in  large 
numbers,  there  that  species  finds  just  the  best  conditions  for 
its  rapid  development.  The  "  City  of  Elms"  must  be  of 
necessity  the  city  of  elm  insects.  Boston  Common  gives  a 
more  familiar  illustration.  The  older  plantings  are  almost 
entirely  of  the  American  and  English  elms.  The  white- 
marked  tussock  moth  finds  in  the  foliage  of  the  elm  food 
exactly  suited  to  its  development ;  hence  this  insect  has 
periodically  stripped  these  elms  at  least  from  the  days  of 
Harris  to  the  present  time,  its  ravages  being  ultimately 
checked  by  the  increase  of  its  parasites. 

Another  factor  which  has  contributed  in  no  small  degree 
to  recent  outbreaks  of  shade-tree  insects  is  the  superabun- 
dance of  the  English  sparrow,  a  seed-eating  bird,  pugna- 
cious, filthy  in  habit,  and  of  but  little  practical  value  as  a 
destroyer  of  insects.  This  bird  thrives  best  where  popula- 
tion is  most  dense,  and  this  is  just  the  condition  under 
which  shade  trees  have  the  hardest  struggle  for  life.  Im- 
mensely prolific,  and  finding  an  abundant  food  supply  in  the 
form  of  offal  and  refuse,  the  sparrow  has  directly  or  indi- 
rectly eliminated  the  native  birds  which  formerly  inhabited 
our  city  trees  and  fed  upon  injurious  insects.  We  need  not 
seek  far  to  find  an  illustration  of  the  harm  wrought  by  this 
bird.  In  Northampton  and  vicinity  the  sparrow  has  largely 
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driven  out  the  native  birds.     In  the  farming  communities 
just  outside  this  city  damage  by  the  canker  worm  is  now  of 
frequent  occurrence.     The  hilltops  to  the  west,  Chesterfield, 
Huntington  and  Blandford,  for  example,  are  not  yet  occu- 
pied by  the  sparrow.     There  cuckoos,  orioles  and  warblers 
nest  undisturbed,  and   there   the   chickadee,  nuthatch  and 
woodpecker  ply  their  trade  throughout  the  year.     Although 
the  canker  worm  breeds  in  these  localities,  it  is  seldom  able 
to  develop  in  numbers  sufficient  to  commit  serious  harm. 
Damage  by  the  sparrow  along  this  line  is  particularly  notice- 
able in  the  case  of  insects  which  are  general  feeders.     Special 
feeders,  insects  like  the  elm-leaf  beetle,  limited  to  one  or  a 
few  food  plants,  cannot  spread  beyond  a  certain  area  without 
exhausting  their  local  food  supply  ;  thus  they  are  subject  to 
limitations  which  eventually  confine  their  activities.    On  the 
other  hand,  general  feeders,  like  the  gypsy  moth,  forest  tent 
caterpillar  and  web  worm,  are  not  restricted  to  a  single  or 
even  a  few  food  plants ;  hence  in  their  cases  man  stands  in 
even  greater  need  of  the  help  given  by  birds  and  parasites. 
Add  to  this  the  fact  that  these  general  feeders  are  usually 
hairy,  and  that  hairy  caterpillars  are  seldom  eaten  by  the 
sparrow,  and  the  damage  caused  by  this  bird  is  seen  to  be 
greater  than  would  at  first  appear. 

So  far  as  Massachusetts  is  concerned,  the  greatest  damage 
to  shade  trees  by  insects  in  recent  years  has  been  caused  by 
certain  imported  pests.  These  insects,  accidentally  brought 
to  our  shores,  usually  arrive  unattended  by  the  parasites 
which  hold  them  in  check  in  their  native  environment. 
Finding  America  a  land  of  freedom  indeed,  they  commit 
depredations  by  the  side  of  which  their  ravages  in  the  Old 
World  frequently  pale  into  insignificance. 

Perhaps  as  good  an  illustration  as  any  of  this  point  is 
found  in  the  case  of  the  San  Jos6  scale  (Aspidiotus  pernici- 
osm),  which,  primarily  a  fruit-tree  insect,  is  becoming  a 
dangerous  enemy  of  shade  trees  in  many  localities.  Intro- 
duced into  California  in  the  early  seventies,  it  has  spread 
into  nearly  every  State  if  not  every  one  in  the  Union,  kill- 
ing nursery  stock,  fruit  trees  and  even  shade  trees  of  good 
size.  Probably  no  more  deadly  orchard  insect  ever  found 
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its  way  to  our  shores  ;  yet  so  comparatively  harmless  was  it 
in  its  native  environment  that  we  have  but  just  learned  au- 
thoritatively that  it  hails  from  northern  China.  Beyond 
doubt  its  increase  at  home  is  restricted  by  certain  parasites, 
and  when  it  was  imported  to  the  United  States  the  importa- 
tion did  not  include  the  beneficial  agents. 

Of  these  imported  pests,  the  one  at  present  of  the  greatest 
general  importance  in  Massachusetts "  is  the  European  elm- 
leaf  beetle  (GaleruceUa  luteola,  Muell.).  This  insect  has 


FIG.  1.  Different  stages  of  the  elm-leaf  beetle:  a,  eggs;  6,  larvae;  c,  adult;  e,  eggs 
enlarged;  /,  sculpture  of  eggs;  g,  larva  enlarged;  ft,  side  view  of  greatly  enlarged  seg- 
ment of  larva;  i,  dorsal  view  of  same;  j,  pupa  enlarged;  k,  beetle  enlarged;  I,  portion 
of  wing-cover  of  beetle  greatly  enlarged.  —  From  Riley,  Report  United  States  Depart- 
ment of  Agriculture,  1883. 

now  established  itself  in  nearly  all  our  cities  and  larger 
towns.  It  has  been  characteristic  of  the  northward  spread 
of  the  beetle  that  its  routes  of  march  have  been  particularly 
along  water  courses  and  the  seaboard.  One  reason  for  this 
readily  suggests  itself.  These  well-watered  localities  are  the 
ones  in  which  the  elm  most  freely  develops.  It  divides 
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honors  with  the  willows  and  poplars  as  the  characteristic 
tree  of  our  river  valleys  and  seaboard.  This  abundance  of 
elms  along  our  streams  long  ago  defined  the  areas  in  which 
the  beetle  etui  breed  to  the  best  advantage,  and  where  it  will 
doubtless  become  a  permanent  resident.  The  swarms  of 
beetles  which  invaded  this  State  from  the  south  by  way  of 
the  Housatonic  and  Connecticut  valleys  have  passed  north- 
erlv  into  southern  Vermont  and  New  Hampshire,  while 
lateral  swarms  have  ascended  the  valleys  of  the  Westfield, 
Deerfield  and  Ware  rivers.  Another  invasion  of  a  later 
date  has  occurred  along  the  line  of  the  Blackstone  River. 
The  beetle  has  also  worked  eastward  around  the  coast  and 
ii})  the  Merrimac  River  to  Haverhill,  Lawrence  and  Lowell. 
The  main  lines  of  railroads  probably  have  contributed  in  no 
small  degree  to  the  diffusion  of  the  beetle,  which  with  the 
approach  of  cold  weather  frequently  enters  freight  cars  for 
the  purpose  of  hibernation.  Finally,  the  compact  plantings 
of  elms  in  the  centres  of  our  towns  and  cities  have  given  the 
insect  the  best  kind  of  an  opportunity  to  develop  as  a  local 
pest. 

The  life  history  of  this  insect  is  similar  to  that  of  other 
members  of  the  great  family  Chrysomelidoe.  The  beetles 
hibernate  in  large  numbers  in  sheltered  localities,  under 
roofs,  shingles,  clapboards  and  in  empty  buildings.  As 
soon  as  the  warm  weather  starts  the  buds  of  the  elm,  these 
beetles  emerge  and  feed  greedily  upon  the  young  leaves, 
which  soon  become  perforated  as  if  by  charges  of  fine  shot. 
After  feeding  for  a  week  or  ten  days,  egg-laying  is  com- 
menced, and  by  this  time  the  leaves  are  nearly  developed. 
The  beetle  feeds  and  lays  alternately  over  a  period  of  several 
weeks.  Two  female  beetles  observed  by  Dr.  E.  P.  Felt  for 
four  weeks  laid  respectively  431  and  623  eggs.  Because  of 
the  similarity,  any  one  familiar  with  the  eggs  of  the  potato 
beetle  will  readily  recognize  those  of  the  insect  under  dis- 
cussion. The  yellow,  spindle-shaped  eggs  of  the  elm-leaf 
beetle  are  laid  in  small  compact  masses  on  the  under  surface 
of  the  leaf.  In  a  week's  time  the  eggs  hatch  and  the  young 
larvae  commence  feeding  upon  the  tender  foliage. 

While  the  damage  caused  by  the  feeding  of  the  mature 


84  BOARD    OF   AGRICULTURE.     [Pub.  Doc. 

beetle  is  of  considerable  importance,  it  is  not  to  be  com- 
pared with  the  injury  wrought  by  the  larvae.  These  insects 
destroy  the  epidermis,  feeding  upon  the  under  sides  of  the 
leaves.  The  latter  turn  brown  and  soon  fall  from  the  tree, 
sometimes  leaving  it  as  bare  as  in  midwinter.  When  the 
larvae  are  full  grown  they  are  about  one-half  an  inch  in 
length,  light  yellow  in  color,  with  black  markings  arranged 
along  the  back  to  form  two  conspicuous  stripes.  The  ma- 
ture larvae  drop  in  large  numbers  from  the  tips  of  the  over- 
hanging branches,  and  pupate  in  masses  in  or  near  sheltered 
places.  A  small  per  cent  pupate  beneath  the  bark  of  the 
tree,  or  descend  to  its  base.  From  these  orange-colored 
pupae  in  from  five  to  ten  days  mature  beetles  emerge  and 
feed  upon  the  foliage. 

There  are  two  well-defined  broods  of  the  insect  at  Provi- 
dence and  on  Cape  Cod,  and  a  partial  second  brood  certainly 
occurs  at  Springfield.  The  effect  of  the  repeated  defoliation 
is  to  sap  the  vitality  of  the  trees  and  invite  the  attacks  of 
other  injurious  insects,  notably  bark  beetles  and  borers,  and 
the  death  of  the  tree  is  often  the  ultimate  result. 

While  the  spraying  of  the  foliage  is  a  difficult  and  often 
an  expensive  undertaking,  it  offers  the  most  effective  means 
of  combating  this  insect.  The  insecticide  used  should  be 
some  form  of  arsenate  of  lead,  and,  if  possible,  should  be 
thoroughly  applied  in  the  spring,  when  the  beetles  are  feed- 
ing. It  is  obvious  that,  if  the  hungry  hibernating  beetles 
can  be  destroyed,  further  damage  by  the  insect  will  be  pre- 
vented. The  general  custom,  however,  is  to  wait  until  the 
foliage  has  fully  developed,  and  then  treat  it  with  a  heavy 
spraying  of  arsenate  of  lead.  This  will  destroy  the  late- 
feeding  beetles,  and  will  remain  in  an  effective  condition 
until  after  the  eggs  have  hatched  and  the  larvae  have  com- 
menced to  feed.  One  thorough  spraying  should  preserve 
the  trees  from  injury  throughout  the  season,  although  in  the 
case  of  the  second  brood  it  is  sometimes  necessary  to  make 
an  additional  spraying  late  in  July  or  early  in  August. 

Since  Massachusetts  abandoned  the  work  of  exterminating 
the  gypsy  moth  (Porthetria  dispar,  Linn.),  the  numbers  of 
this  insect  have  increased  to  an  alarming  degree  in  the  east- 


Elm  at  Boston  defoliated  by  larvae  of  elm  leaf  beetle. 
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ern  part  of  the  State,  and  we  must  now  prepare  for  the  time 
when  it  will  become  generally  diffused  throughout  this  and 
adjoining  States.  For  two  years  it  has  had  an  opportunity 
to  multiply  unrestricted,  and  the  developments  of  last  sum- 
mer would  lead  us  to  anticipate  a  repetition  of  the  outbreak 
of  1888-89  in  the  near  future.  Already  in  many  localities 
in  the  metropolitan  district  formidable  colonies  of  the  moth 
have  seriously  menaced  park  and  shade  trees.  The  Fells 
reservation  of  the  metropolitan  park  system  is  badly  in- 
fested, and  most  strenuous  efforts  will  be  needed  in  the  near 
future,  if  one  of  our  most  beautiful  park  areas  is  to  be  pre- 
served intact  for  the  enjoyment 
of  our  citizens. 

The  parent  moth  lays  its  eggs 
to  the  number  of  five  hundred  to 
one  thousand,  in  a  yellow,  hairy 
covered  mass,  on  tree  trunks, 
fences,  buildings,  walls,  etc.  The 
eggs  hatch  early  the  following 
May,  and  the  caterpillars  swarm 
abroad  in  search  of  food.  They 
devour  both  buds  and  leaves,  and 
sometimes  even  attack  the  tender 
bark  of  the  twigs.  As  soon  as 
the  foliage  develops  they  give  it 
their  undivided  attention,  feeding 
chiefly  by  day.  When  about  one- 
third  grown  their  feeding  habits  change,  and  the  insects 
seek  shelter  by  day  and  feed  almost  entirely  by  night.  The 
full-grown  caterpillar  is.  sparingly  covered  with  stout  hairs, 
and  has  a  double  row  of  tubercles  along  the  back.  On  the 
five  anterior  segments  these  tubercles  are  blue  ;  on  the  six 
posterior,  dark  red. 

The  caterpillars  pupate  in  masses  in  any  convenient  shel- 
tered locality,  particularly  at  the  bases  of  large  branches, 
and  in  about  a  fortnight  the  moths  emerge.  The  males  are 
yellowish  brown,  expand  about  one  inch,  and  fly  actively  on 
warm  days.  The  females  are  somewhat  larger  than  the 
males,  white,  sparingly  marked  with  black,  and,  although 


FIG.  2.    Egg  cluster  of  gypsy 
moth. 
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provided  with  well-developed  wings,  do  not  fly.  After 
mating,  the  females  at  once  deposit  their  eggs,  the  life  cycle 
of  the  insect  usually  being  completed  by  the  middle  ot  Au- 
gust. As  the  egg  masses  are  usually  laid  near  the  ground, 
and  are  conspicuous  for  some  eight  or  nine  months,  it  is 
obvious  that  this  season  is  an  excellent  time  to  combat  the 
insect.  The  spongy  egg  masses  should  be  saturated  with  a 
mixture  of  creosote  oil,  containing  15  per  cent  coal  tar  in- 
corporated by  the  aid  of  heat.  The  addition  of  the  tar  is 
not  necessary  for  the  destruction  of  the  eggs,  but  is  desirable 

in  order  to  color  the  treated 
nests,  thereby  distinguishing 
them  from  those  untreated. 
In  extremely  cold  weather  the 
mixture  thickens,  and  should 
be  thinned  by  the  addition  of 
turpentine  or  benzine. 

Where  this  work  of  egg  de- 
struction has  been  neglected, 
and  the  caterpillars  allowed  to 
hatch,  chief  reliance  should  be 
laid  upon  a  thorough  spraying 
of  the  foliage  with  arsenate  of 
lead  as  soon  as  it  develops. 
Advantage  should  also  be 
taken  of  the  habit  of  the  cater- 
pillars in  seeking  shelter,  by 
tying  bands  of  burlap  loosely 
about  the  trunks  of  the  in- 
fested trees  at  a  convenient  height.  These  bands  should  be 
examined  every  day,  and  the  caterpillars  concealed  beneath 
them  destroyed. 

The  chief  characteristics  of  the  gypsy  moth  which  make  it 
so  serious  a  pest  are  its  wide  range  of  food  plants,  feeding, 
as  it  does,  on  all  deciduous  trees  and  nearly  all  conifers ;  its 
relative  immunity  from  attacks  by  parasites ;  and  its  insid- 
ious night  attacks,  whereby  entire  trees  are  often  defoliated 
before  the  presence  of  the  insect  in  force  is  suspected. 

In  the  attempt  to  exterminate  the  gypsy  moth  the  State 


FIG.  3.    Full-grown  caterpillar  of  gypsy 
moth. 


Pines,  oaks  and  other  trees  stripped  by  the  omnivorous  cater- 
pillars of  the  gypsy  moth.    Georgetown,  July  11,  1899. 
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of  Massachusetts  has  given  the  world  one  of  the  greatest 
object  lessons  in  applied  entomology.  The  abandonment 
of  the  work  by  action  of  the  Legislature  at  a  time  when  the 
insect  was  well  suppressed  has  seemed  to  many  a  great  mis- 
take. Present  indications  are  pointing  in  no  uncertain  way 
to  the  ultimate  justification  of  the  State  work  against  the 
moth  as  conducted  by  a  committee  of  this  Board.  The  truth 
will  ultimately  be  established,  and  we  must  wait  with  pa- 
tience the  developments  of  the  near  future. 

It  is  fortunate  that  from  this  great  undertaking  there  have 
developed  improved  methods 
of  combating  insects,  which 
have  a  wide  application.  Thus 
the  original  use  of  ar senate  of 
lead  as  an  insecticide  against 
the  gypsy  moth  has  now  been 
extended  to  the  treatment  of 
the  elm-leaf  beetle  and  a  host 
of  other  leaf-eating  insects. 
The  improvements  in  spray- 
ing apparatus  developed  in 
the  gypsy  moth  work  have  a 
world- wide  usefulness,  and  al- 
ready this  improved  apparatus 
is  now  in  general  use  in  park 
work  in  the  larger  cities  of 
New  England. 

FIG.  4.    Pupa  of  gypsy  moth. 

The  past  summer  has  brought 

to  light  a  large  colony  of  the  gypsy  moth  at  Providence, 
R.  I.  From  all  evidence  at  hand,  it  is  apparent  that  the 
insect  was  taken  to  this  city  by  some  malicious  person,  and 
it  is  quite  possible  that  other  similar  colonies  may  be  found 
elsewhere.  In  view  of  this  fact,  it  seems  probable  that  the 
gypsy  moth  will  now  never  be  exterminated  in  New  England. 
Property  owners  in  the  vicinity  of  the  infested  sections 
should  carefully  familiarize  themselves  with  the  appearance 
of  the  various  forms  of  the  nioth,  in  order  that  incipient  in- 
festations may  be  dealt  with  in  season.  Should  official  work 
against  this  insect  be  renewed,  it  would  seem  desirable  to 
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FIG.  5.    Male  gypsy  moth. 


carefully  investigate  the  parasites  preying  upon  this  insect 
in  its  native  home,  although  such  work  was  hardly  feasible 
while  the  State  was  engaged  in  the  effort  to  absolutely  ex- 
terminate the  moth,  as  the  presence  of  imported  parasites 

would  necessitate  the  presence 
of  an  abundant  supply  of  the 
host  insects. 

Another  European  insect  re- 
sponsible for  a  notable  amount 
of  damage  and  annoyance  in  east- 
ern  Massachusetts  is  the  rapidly 
spreading  brown-tail  moth  (Eu- 
proctis  chrysorrhoea,  Linn.).  This  pest  first  came  into 
prominence  in  May,  1897,  when  it  was  found  committing 
severe  depredations  on  pear  trees  at  Somerville.  It  seems 
probable  that  the  insect  was  brought  to  this  locality  on  rose 
bushes  imported  from  Holland  or  France. 

This  insect  has  a  unique  life  history,  in  that  its  cater- 
pillars successfully  hibernate  in  a  half  grown  condition  in 
conspicuous  webs  at  the  ends  of  the  infested  twigs.  Leaving 
these  webs  as  soon  as  the  buds  swell  in  the  spring,  the  tiny 
caterpillars  first  consume  the  buds  and  later  devastate  the 
foliage.  By  the  last  of  June  they  have  reached  their  full 
development,  and  spin  up  in  loose  cocoons  on  the  smaller 


FIG.  6.    Female  gypsy  moth. 


branches,  on  houses,  walls  and  in  other  sheltered  localities. 
From  these  cocoons  in  about  three  weeks'  time  the  white, 
brown-tailed  moths  emerge  and  fly  vigorously  by  night  in 
search  of  suitable  places  in  which  to  deposit  their  eggs. 


PLATE    I. 


FIG.  1. 


FIG.  3. 


FIG.  2. 


FIG.  5. 


FIG.  4. 


Explanation  of  Plate  I. 

FIGURES  Nos.   1,  2,  4  AND  5  DRAWN  FROM  NATURE  BY  J.  H.  EMERTON. 
No.  1.  —  Female  brown-tail  moth. 
No.  2.  —  Winter  web  of  brown-tail  moth  caterpillars. 
No.  3.  —  Pruning  shears  suitable  for  removal  of  winter  webs. 
No.  4.  —  Brown-tail  moth  caterpillars,  enlarged. 
No.  5.  —  Brown-tail  moth  caterpillars,  natural  size. 
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These  insects  are  strongly  attracted  to  light,  and  great  num- 
bers of  them  meet  their  fate  in  the  globes  of  arc  lamps. 
This  same  attraction  to  light,  however,  has  doubtless  been 
the  means  of  spreading  the  moths  from  town  to  town,  since 
it  is  found  that  the  oldest  infestations  are  found  in  the  cen- 
tres of  towns  where  the  lights  are  most  numerous.  The 
eggs  are  laid  in  compact,  hair-covered  masses,  on  the  under 
surface  of  pear  and  other  leaves,  and  hatch  in  about  three 
weeks  from  the  date  of  laying.  From  200  to  400  eggs  are 
deposited  by  each  female  moth,  the  rate  of  increase  being 
somewhat  slower  than  is  the  case  with  the  gypsy  moth. 
The  menu  of  .the  brown-tail  moth  includes  a  wide  range  of 
ornamental  trees,  although  primarily  it  must  be  considered 
to  be  a  pest  of  the  pear  tree.  Wherever  it  is  numerous, 
maples,  willows  and  elms  are  defoliated  to  a  serious  extent. 

For  two  years  this  insect  was  suppressed  by  the  gypsy 
moth  committee,  but  with  the  abandonment  of  the  work 
of  that  committee  in  the  spring  of  1900  the  systematic  cam- 
paign against  the  brown-tail  moth  necessarily  came  to  an 
end.  It  has  been  interesting  to  the  writer,  living  since  that 
date  in  the  infested  district,  to  note  the  gradual  increase  and 
spread  of  this  pest  in  the  vicinity  of  Boston.  Where  in  the 
winter  of  1899-1900  there  were  but  scattered  webs,  they 
may  be  counted  now  by  the  thousand. 

Not  the  least  important  feature  of  outbreaks  of  the  brown- 
tail  moth  is  the  truly  terrible  irritation  caused  by  the  hairs 
of  the  caterpillar  whenever  they  come  in  contact  with  human 
flesh.  This  irritation  is  well  compared  to  nettling  several 
degrees  intensified,  and  probably  is  of  a  mechanical  nature, 
being  produced  by  the  fine,  brittle,  barbed  hairs  breaking 
up  in  the  skin.  It  is  best  allayed  by  the  liberal  use  of  vas- 
eline or  sweet  oil.  Last  summer  so  severe  and  general  was 
this  painful  affliction  in  the  Allston  and  Brighton  districts 
of  Boston  that  the  residents  of  those  suburbs  petitioned  for 
and  received  a  public  hearing  at  the  office  of  the  Boston 
Board  of  Health.  The  nettling  of  these  caterpillars  fur- 
nishes an  excellent  but  painful  means  of  identifying  the 
insect. 

The  brown-tail  moth  is  now  known  to  occur  in  a  territory 
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bounded  by  Scituate,  Brockton,  Hudson,  Lowell,  and  Sea- 
brook,  N.  H.  An  isolated  colony  also  occurs  at  Kittery, 
Me.  As  the  female  moths  fly  vigorously,  this  insect  spreads 
much  more  rapidly  than. the  gypsy  moth,  and  it  seems  prob- 
able that  within  a  short  term  of  years  it  may  occur  through- 
out the  entire  State  of  Massachusetts. 

It  is  fortunate  that  the  insect  is  exposed  in  conspicuous 
webs  throughout  the  winter,  thus  making  its  destruction 
easy.  For  the  work  of  cutting  off  the  webs  the  common 
form  of  pruning  shears  attached  to  a  pole  is  the  most  con- 
venient implement.  The  webs  so  collected  should  be  care- 
fully burned  at  once.  Where  this  work  is  thoroughly  done, 
there  will  be  no  damage  by  the  brown-tail  moth  the  suc- 
ceeding year.  It  is  remarkable  how  quickly  and  at  what 
small  expense  these  webs  may  be  collected  and  destroyed  by 
trained  men,  suitably  equipped.  In  the  winter  of  1899  the 
employees  of  the  gypsy  moth  committee  gathered  and  de- 
stroyed over  900,000  webs,  at  a  total  cost  of  $9,700. 

This  work  of  web  destruction  is  the  cheapest  and  most  ef- 
fective method  of  disposing  of  the  pest ;  but  if  it  is  neglected 
until  after  the  caterpillars  leave  the  web  in  the  spring,  the 
infested  trees  should  be  thoroughly  sprayed  with  arsenate 
of  lead.  It  is  also  necessary  sometimes  to  spray,  to  protect 
the  trees  from  the  fall  brood.  This  spraying  should  be  done 
in  September,  as  soon  as  the  small  webs  are  noticed.  In 
the  case  of  pear  and  other  fruit  trees  this  late  treatment  will 
result  in  the  poisoning  of  fruit  approaching  maturity.  How- 
ever, it  is  but  a  choice  between  two  evils,  since,  if  the  tree 
is  defoliated,  the  fruit  will  fall  before  it  is  ripe.  On  shade 
trees  there  is  no  valid  objection  to  the  fall  spraying. 

Turning  to  our  native  insects,  an  important  periodic  pest 
of  shade  trees  is  the  tussock  moth  (  Orgyia  leucostigma,  S. 
and  A.).  This  insect  is  well  known  in  Boston,  Providence 
and  elsewhere,  from  its  severe  injuries  to  elms  in  certain 
years.  While  primarily  an  elm  insect,  when  numerous  it 
attacks  in  force  the  linden,  horse  chestnut,  silver  maple,  pear 
and  other  trees.  Its  damage  is  contemporaneous  with  that 
of  the  elm-beetle,  and,  as  it  is  double-brooded,  at  least  in 
our  river  valleys  and  along  the  seaboard,  it  is  a  shade-tree 
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pest  of  no  mean  rank.  Fortunately,  however,  its  increase 
is  largely  controlled  by  parasites,  which,  when  the  caterpil- 
lars are  numerous,  soon  gain  the  ascendency.  This  accounts 
for  the  occurrence  of  the  insect  in  force  only  at  somewhat 
extended  intervals. 

The  white,   froth-covered  eggs   of  this  insect  are   com- 
mon objects  on  the  trunks  of  trees  chosen  as  food  plants. 


FIG.  7.  Different  stages  of  the  tussock  moth:  o,  caterpillar;  6,  female  pupa;  c,  male 
pupa ;  rf,  male  moth ;  e,  same,  wings  spread ;  /,  female  moth ;  g,  female  moth  on  cocoon ; 
h,  egg  mass  with  froth  over  it;  i,  cocoons  on  tree  trunk;  k,  same,  showing  females  and 
egg  masses  also ;  all  slightly  enlarged.  — From  Howard,  Yearbook,  United  States  De- 
partment of  Agriculture,  1895. 

The  egg  masses  are  laid  by  the  wingless  female  moths, — 
mere  spider-like  creatures,  —  in  late  summer  or  fall,  on  the 
old  cocoons,  and  are  covered  with  a  brittle  white  varnish. 
The  number  of  eggs  laid  by  a  single  female  ranges  from  75 
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to  200,  the  species  being  perhaps  the  least  prolific  of  any  we 
have  discussed.  The  young  larvse  leave  the  egg  masses  late 
in  the  spring,  after  the  leaves  have  developed,  feed  freely  on 
the  foliage,  and  attain  maturity  by  mid-summer.  Their 
characteristic  markings  are  two  plumes  of  hair  directed  for- 
ward on  either  side  of  the  head  and  a  similar  plume  point- 
ing backward  from  the  posterior  end  of  the  body,  together 
with  a  row  of  short,  dense  brushes  down  the  upper  surface 
of  the  body.  The  caterpillars  drop  freely  from  the  branches 
when  disturbed,  and  are  carried  from  place  to  place  by 
teams  and  pedestrians.  When  full  grown  the  larvae  spin  up 
in  loose,  yellow  cocoons  on  the  trunks  of  trees,  along  fences 
and  in  other  suitable  sheltered  places.  In  two  weeks  the 
moths  emerge  and  deposit  eggs  for  a  second  brood,  which  is 
frequently  more  injurious  than  the  first  brood.  The  moths 
from  this  last  brood  continue  to  appear  until  freezing  weather 
sets  in.  Thus  at  Somerville,  Mass.,  November  2  of  the  pres- 
ent year,  the  writer  found  belated  female  moths  of  this  spe- 
cies still  engaged  in  the  work  of  egg  laying. 

This  insect  is  controlled  easily  by  spraying  with  arsenical 
poisons  or  by  the  destruction  of  the  egg  masses  in  the  fall, 
winter  and  spring.  Crude  creosote  oil,  uncolored,  gives 
perhaps  the  best  means  of  killing  the  eggs.  It  should  be 
applied  by  means  of  a  sponge  or  brush,  as  in  the  case  of  the 
gypsy  moth  egg  clusters.  Where  an  invasion  of  the  tussock 
moth  has  commenced,  non -infested  trees  may  be  kept  free 
from  the  swarming  caterpillars  by  the  use  of  stocky  bands 
of  raupenleim,  bodlime,  tar,  tree  ink,  or  even  cotton  bat- 
ting. On  small  trees  the  caterpillars  may  be  jarred  off,  and 
the  trees  banded  to  prevent  reinfestation.  The  destruction 
of  the  cocoons  before  the  moths  have  emerged  is  not  ad- 
vised, because  of  the  large  numbers  of  beneficial  parasites 
that  breed  therein. 

The  fall  web  worm  (Hyphantria  cunea,  Dr.)  probably  is 
one  of  the  most  general  feeders  of  our  insect  fauna.  Ap- 
pearing in  late  summer,  it  spins  its  unsightly  webs  on  the 
tips  of  branches  of  almost  every  kind  of  a  fruit  or  deciduous 
shade  tree,  at  once  distinguishing  itself  from  the  tent  cater- 
pillar, with  which  it  is  commonly  confounded.  The  latter 


Elms  at  Boston  defoliated  by  caterpillars  of  Tussock  moth,  1895. 
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insect  appears  only  in  the  spring,  and  always  places  its  webs 
in  the  forks  of  the  branches.  The  butternut,  ash,  oak  and  elm 
have  to  pay  tribute  to  the  web  worm,  while  the  maples,  lin- 
dens and  horse  chestnuts  are  almost  equal  sufferers.  A  ride 
through  the  State 
in  August  or  Sep- 
tember will  show 
that  the  pest  has 
little  preference  in 
the  matter  of  lo- 
calities or  food 
plants.  The  fact 
that  it  appears  so 
late  in  the  summer 
is  of  advantage  to 
the  trees,  since  at 
that  season  the  ef- 
fect of  defoliation 
is  not  as  injurious 
as  when  it  occurs 
at  an  earlier  date  ; 
still,  the  webs  are 
unsightly,  the  in- 
sect annoying,  and 
the  injury  to  the 
tree  of  sufficient 
importance  to 
necessitate  remedial  measures.  Farther  south,  where  the 
insect  is  double-brooded,  its  ravages  have  an  increased  im- 
portance. 

In  this  State  the  moths  emerge  from  their  cocoons  in 
July,  and  lay  upwards  of  400  eggs  in  a  cluster  on  the  under 
surface  of  the  leaves.  The  young  larvae  at  once  begin  spin- 
ning a  web,  which  includes  the  near-by  foliage,  and  often 
extends  by  the  close  of  the  feeding  season  over  an  entire 
branch.  These  webs  doubtless  serve  as  some  protection 
from  parasites,  although  on  the  other  hand,  they  are  the 
best  kind  of  sign-boards  for  the  guidance  of  cuckoos,  orioles 
and  other  birds  that  consume  hairy  caterpillars.  When  full 


FIG.  8.  Fall  web  worm,  moths  and  cocoons,  natural 
size. —  From  Howard,  Yearbook,  United  States  Depart- 
ment of  Agriculture,  1895. 


94  BOARD   OF  AGRICULTURE.    [Pub.  Doc. 

grown  the  caterpillars  are  one  and  one-half  to  two  inches  in 
length,  with  yellowish,  longitudinal  markings,  and  clothed 
with  grayish  hairs.  They  wander  about  on  walks  and  fences 
in  search  of  places  to  pupate,  and  in  this  latitude  often  find 
shelter  beneath  loose  rubbish  on  the  surface  of  the  ground ; 
otherwise,  the  cocoons  are  placed  at  the  base  of  the  tree  or 
on  fences  near  the  ground.  Pupation  takes  place  in  Sep- 
tember, and  the  white  moths  do  not  emerge  until  the  fol- 
lowing July.  As  already  pointed  out,  the  web  worm  is 
extensively  preyed  upon  by  birds.  It  is  also  parasitized 
by  various  ichneumon  flies.  In  eastern  Massachusetts  it 
is  often  confounded  with  the  brown-tail  moth,  whose  webs, 
however,  are  much  smaller  and  more  compact,  and  whose 
caterpillars  feed  outside  of  the  web,  returning  to  it  for 
shelter  only. 

A  common  practice  among  farmers  is  to  burn  the  webs  by 
means  of  a  torch.  If  this  is  done  as  soon  as  the  insects  ap- 
pear, no  strong  objection  can  be  raised  against  the  practice, 
as  the  large  branches  will  not  be  injured,  as  is  often  the  case 
where  tent  caterpillar  webs  are  burned  in  this  way.  A 
better  practice  is  to  spray  thoroughly  with  arsenate  of  lead 
as  soon  as  the  first  webs  are  noticed.  The  poisoned  foliage 
will  be  drawn  into  the  web,  and  the  caterpillars  destroyed. 

And  right  here  we  may  well  emphasize  a  unique  property 
of  arsenate  of  lead.  This  insecticide  adheres  in  a  notable 
degree  to  the  foliage,  and  trees  that  have  been  thoroughly 
and  heavily  sprayed  with  it  in  the  spring  will  be  exempt 
from  damage  by  the  web  worm  in  the  fall. 

Some  years  ago  the  writer  sprayed  part  of  a  row  of  pear 
trees,  about  May  15,  to  destroy  the  brown-tail  moth.  Va- 
rious strengths  of  arsenate  of  lead  were  used,  and  it  was 
found  that  trees  sprayed  with  this  insecticide  at  the  rate  of 
3  or  more  pounds  to  100  gallons  of  water  were  completely 
exempt  from  damage  by  the  web  worm  the  following  Au- 
gust. Lower  proportions  of  the  poison  did  not  give  satis- 
factory results,  while  the  trees  in  the  row  that  were  not 
sprayed  were  badly  injured  by  the  web  worm.  As  the  trees 
sprayed  were  in  the  middle  of  the  row,  the  result  of  the 
treatment  was  unmistakable. 
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Willows  and  poplars  are  much  in  demand  in  planting 
schemes  for  damp  localities,  or  in  places  where  rapid  growth 
is  desired.  As  trees  of  this  class  are  so  well  adapted  for 
such  purposes,  it  is  most  unfortunate  that  they  are  becoming 
more  and  more  subject  to  damage  by  the  imported  willow 
weevil  (Cryptorhynchus  lapctthi^  Linn.).  This  small  snout 
beetle  of  the  great  family  of  weevils  has  been  known  for 
generations  in  Europe  as  a  pest  of  the  basket  willow  and  of 
alder  plantations.  Its  food  plants  there  include  about  all 
the  willows,  poplars,  many  alders  and  a  few  birches.  It 
occurs  from  southern  France  up  into  the  highest  mountains 
of  Switzerland,  where  it  breeds  in  the  green  alder.  Doubt- 
less it  was  brought  to  this  country  in  nursery  stock ;  cer- 
tainly its  general  occurrence  in  the  nurseries  in  this  State 
would  give  force  to  this  opinion.  It  has  now  spread  at  least 
from  Brooklyn  to  Portland  and  westward  to  Buffalo  and 
points  in  Ohio. 

The  mature  beetle  is  of  a  dark-brown  color,  with  a  con- 
spicuous white  marking  at  the  posterior  part  of  the  body, 
and  with  smaller  white  markings  on  the  anterior  part  of  the 
wing  covers.  With  its  long  snout  it  drills  holes  into  the 
bark  just  beneath  the  leaf  scars,  and  inserts  its  eggs,  from 
one  to  four  in  a  place,  each  in  a  separate  chamber,  which  is 
afterwards  closed  with  bark  dust.  This  egg  laying,  as  the 
writer  has  observed  it,  takes  place  late  in  the  summer ;  but 
in  nearly  every  case  the  eggs  hatch  and  the  larvae  feed  in  the 
bark  for  a  few  weeks  before  hibernating.  The  insects  at 
this  time  are  so  minute  in  size  that  they  can  be  found  only 
by  diligent  search.  With  the  coming  of  spring,  however, 
they  extend  their  burrows  in  the  bark,  breaking  through  the 
surface  at  frequent  intervals,  and  then  in  about  a  fortnight 
sink  into  the  sapwood  and  finally  to  the  heart  of  the  tree. 
The  growth  of  the  white,  yellow-headed  larva  is  something 
phenomenal,  especially  in  young  trees.  By  the  first  week 
in  July  the  larvae  are  fully  grown,  and  carefully  enlarge 
their  burrows  downward  to  the  surface  of  the  bark,  throw- 
ing out  large  quantities  of  white  chips,  which  are  an  excel- 
lent indication  of  the  presence  of  the  insect.  The  sap  which 
oozes  from  the  burrows  is  also  a  characteristic  sign  of  the 
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insect's  work.  Having  drilled  its  burrow  to  a  uniform  diam- 
eter, the  insect  ascends  to  the  upper  end,  packs  itself  se- 
curely in  an  elliptical  chamber,  and  pupates.  In  1897  the 
writer  collected  a  large  number  of  infested  sticks  of  poplar, 
and  examined  them  daily  from  June  30  to  July  31.  In  a 
single  stick,  one  and  one-half  inches  in  diameter  and  two 
feet  long,  he  found  57  larvae.  Some  of  these  sticks  were 
split  open  each  day,  and  on  July  3  and  4  about  all  the  larvse 
were  found  to  have  pupated.  By  July  22,  mature  beetles 
were  found  in  the  wood,  although  emerging  did  not  take 
place  until  about  July  31.  This  would  give  us  about  eigh- 
teen days  as  the  length  of  the  pupal  stage. 

The  beetles  appear  all  through  the  months  of  August  and 
September,  and,  after  feeding  for  some  weeks  upon  the  ten- 
der petioles,  deposit  eggs  for  the  brood  of  the  following 
season.  In  young,  rapidly  growing  trees,  with  an  abun- 
dance of  tender  wood,  the  development  of  the  insect  is  as 
detailed ;  in  older  trees  a  part  of  the  beetles  do  not  emerge 
until  the  second  spring.  This  gives  us  the  straggling  im- 
agoes that  have  so  confused  students  of  the  life  history  of 
this  insect. 

This  pest  is  not  amenable  to  treatment  by  spraying,  so 
far  as  at  present  known.  The  best  method  of  treating  it  is 
to  dig  out  the  young  borers  in  the  early  spring,  when  they 
are  still  at  work  in  the  bark,  where  their  black  burrows  can 
be  detected  by  careful  observation. 

Trees  infested  with  this  insect  are  weakened,  and  are 
easily  broken  down  by  ice  storms.  This  insect  gives  us 
another  illustration  of  the  folly  of  planting  only  a  single 
variety  of  shade  tree.  The  silver  maple,  the  three-thorned 
accacia  and  the  elm  make  good  growth  in  localities  where 
poplars  and  willows  are  most  grown  for  shade  or  ornament, 
and  are  not  subject  to  attack  by  this  weevil. 

It  is  difficult,  in  a  paper  of  this  kind,  to  select  those  in- 
sects that  are  most  injurious  without  excluding  species  of  at 
least  considerable  local  importance.  Should  all  important 
shade-tree  insects  of  the  State  be  considered  fully,  the  next 
winter  meeting  of  the  Board  would  find  us  not  far  removed 
from  the  meadow  city.  The  writer  believes  that  the  insects 
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discussed  are  the  ones  most  commonly  troublesome  to  the 
shade  trees  of  this  State  ;  and,  with  their  treatment  well  un- 
derstood, it  will  be  easy  to  apply  similar  methods  in  the 
cases  of  allied  pests. 

It  will  be  noticed  that,  of  the  insects  in  the  previous  list, 
all  but  one  are  amenable  to  treatment  by  spraying,  although 
in  the  case  of  the  brown-tail  moth  by  far  the  cheapest  method 
is  to  destroy  the  winter  webs  by  hand.  This  leads  us  to 
consider  the  best  insecticides  for  spraying,  and  the  means 
of  applying  them.  There  are  certain  simple  tests  by  which 
the  merits  of  an  insecticide  for  use  against  leaf-eating  insects 
may  be  determined :  it  must  kill  the  insects ;  it  must  not 
injure  the  foliage  ;  it  must  adhere  to  the  leaves  for  a  reason- 
able length  of  time ;  and  its  price  must  not  be  prohibitive . 

Three  compounds  of  arsenic  fall  within  these  specifica- 
tions, viz.,  London  purple,  Paris  green  and  arsenate  of  lead. 
Of  these,  London  purple,  while  effective  and  cheap,  is  open 
to  the  objection  of  being  a  by-product,  and  therefore  of  ir- 
regular chemical  composition.  Some  samples  contain  a  large 
percentage  of  soluble  arsenic,  and  therefore  cause  serious 
injury  to  the  leaves.  It  settles  rapidly  in  the  spraying 
tank,  and  requires  considerable  stirring.  It  does  not  ad- 
here well  to  the  foliage,  and  where  its  application  is  followed 
by  repeated  rains,  a  notable  burning  of  the  leaves  usually 
occurs.  In  the  market  the  price  of  London  purple  ranges 
from  15  to  20  cents  per  pound  ;  and,  as  but  1  or  1J-  pounds 
are  used  to  100  gallons  of  water,  it  is  by  far  the  cheapest 
arsenical  insecticide.  While  its  use  is  not  advised,  should 
it  be  adopted,  it  is  well  to  add  2  or  3  pounds  of  fresh-slaked 
lime  for  every  pound  of  the  insecticide.  This  will  convert 
the  soluble  arsenic  into  arsenite  of  lime,  and  thereby  lessen 
the  burning  effect. 

Paris  green  for  years  has  been  the  mainstay  in  work 
against  leaf-eating  insects.  It  is  probably  the  quickest  in 
its  action  of  the  three  insecticides  mentioned.  •  Where  all 
the  insects  it  is  desired  to  destroy  have  hatched  and  are  feed- 
ing, and  good  weather  prevails,  there  is  no  better  insecticide 
for  use  than  Paris  green.  But  these  conditions  are  almost 
impossible  of  attainment  in  the  damp,  changeable  climate 
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of  New  England.  Again,  Paris  green  has  a  high  specific 
gravity,  and  requires  constant  stirring.  An  overdose  will 
clear  the  foliage  from  trees  even  quicker  than  the  insects  it 
may  be  desired  to  destroy. 

At  present  prices  for  copper,  Paris  green  retails  at  from 
18  to  30  cents  per  pound,  and  a  good  article  can  hardly  be 
bought  for  less  than  25  cents  per  pound.  Paris  green  is  ap- 
plied at  the  rate  of  1  pound  to  100  or  150  gallons  of  water, 
and  should  be  used  with  double  the  amount  of  lime,  to  in- 
sure a  better  distribution  and  to  neutralize  any  uncombined 
arsenic.  With  a  strictly  pure  Paris  green  the  addition  of 
lime  is  not  necessary. 

Since  the  discovery  of  the  value  of  arsenate  of  lead  as  an 
insecticide  by  the  chemist  to  the  gypsy  moth  committee,  it 
has  come  into  increasing  use  as  a  remedy  for  shade-tree  in- 
sects. Arsenate  of  lead  is  a  white,  flocculent  poison,  of 
light,  specific  gravity,  remains  suspended  in  water,  hence  it 
requires  but  little  stirring,  and  adheres  tenaciously  to  the 
foliage  for  an  entire  season.  While  not  as  quick  in  its 
effect  on  the  insects  as  the  two  insecticides  previously  men- 
tioned, this  difficulty  may  be  eliminated  by  increasing  the 
quantity  used.  Arsenate  of  lead  also  will  not  injure  the 
most  delicate  foliage,  hence  the  extreme  care  and  accuracy 
necessary  where  London  purple  or  Paris  green  is  used  are  not 
needed.  Because  of  the  general  demand  for  this  material, 
several  manufacturers  are  putting  it  on  the  market  in  paste 
form,  at  a  price  ranging  from  15  to  25  cents  per  pound,  ac- 
cording to  the  size  of  the  package.  These  pastes  carry  from 
50  to  68  per  cent  actual  dry  arsenate  of  lead,  and  are  very 
convenient  for  general  use.  In  large  spraying  operations, 
however,  it  is  sometimes  desired  to  make  the  arsenate  of 
lead  from  the  ingredients,  and  where  skilled  labor  is  avail- 
able this  can  be  done  with  little  difficulty.  The  materials 
necessary  are  nitrate  of  lead  and  arsenate  of  soda  of  96  per 
cent  purity.  It  is  important  to  get  a  high-grade  arsenate 
of  soda,  as  the  low  grades  contain  a  considerable  amount  of 
common  salt,  which  will  form  chloride  of  lead, —  a  substance 
of  no  value  as  an  insecticide,  but  which  consumes  the  lead 
salt.  The  formulae  to  be  followed  are  given  below  :  — 
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Ibs.  Ibs.  Ibs. 

Arsenate  of  lead  desired,    ...     1  2i  5 

Nitrate  of  lead  required,     .        .        .1.2  3  6 

Arsenate  of  soda  required, .        .        .       .5  1.25  2.5 

Total  weight  of  ingredients,       .        .1.7  4.25  8.5 

These  ingredients  should  be  carefully  weighed,  placed  in 
separate  packages,  and,  when  wanted  for  use,  dissolved  in 
separate  wooden  or  fibre  pails.  When  the  solutions  are 
completely  formed,  pour  the  contents  of  each  pail  into  a 
spraying  tank  partly  filled  with  water.  Arsenate  of  lead 
will  then  appear  as  a  fine  white  precipitate. 

The  above  formula?  are  based  on  nitrate  of  lead  containing 
()i>.5  lead  oxide,  arsenate  of  soda  of  96  per  cent  purity  (con- 
taining 59.8  per  cent  arsenic  oxide),  the  arsenate  of  lead 
required  being  the  actual  dry  product.  It  will  be  noted  that 
the  ingredients  give  a  little  more  than  one-half  their  weight 
in  actual  arsenate  of  lead.  The  same  holds  true  with  the 
arsenate  of  lead  pastes  previously  mentioned.  The  cost  of 
ingredients  is  a  variable  quantity.  Arsenate  of  soda  96  per 
cent  pure  retails  at  about  15  cents  per  pound,  and  nitrate  of 
lead  at  about  10  cents  per  pound  ;  therefore  the  cost  of  one 
pound  actual  arsenate  of  lead  would  be  about  as  follows  :  — 

Nitrate  of  lead,  1.2  pounds,  at  10  cents, .        .        .     $0  12 
Arsenate  of  soda,  .5  pound,  at  15  cents, .         .         .          075 
Bags,  twine,  etc., 01 


$0  205 

To  these  figures  should  be  added  the  cost  of  the  labor  of 
weighing  and  packing  the  ingredients,  and  that  consumed 
in  dissolving  and  mixing  them.  Even  with  these  factors 
included,  the  cost  of  one  pound  of  arsenate  of  lead  is 
somewhat  less  than  that  purchased  in  paste  form.  The 
manufacturers  of  the  pastes,  on  the  other  hand,  urge  the 
superior  merit  of  uniform  composition  and  availability  for 
immediate  use,  and  the  saving  of  time  and  skilled  labor. 

In  small  spraying  operations,  where  only  a  few  hundred 
pounds  of  the  insecticide  are  needed,  probably  it  would  be 
more  advantageous  to  purchase  the  prepared  paste.  In 
larger  operations,  where  a  ton  or  more  of  the  insecticide  is 
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to  be  used,  the  parties  in  charge  of  the  work,  knowing  their 
own  resources  in  the  matter  of  skilled  labor,  and  having  ob- 
tained quotations  from  reliable  manufacturers,  should  be  able 
to  decide  readily  which  form  of  insecticide  is  cheapest  for 
their  purpose. 

For  the  elm-leaf  beetle  and  the  gypsy  moth  it  is  desirable 
to  use  the  insecticide  at  the  rate  of  5  or  6  pounds  actual 
arsenate  of  lead  to  100  gallons  of  water.  For  the  brown- 
tail  moth,  tussock  moth  and  fall  web  worm,  4  pounds  actual 
arsenate  of  lead  to  100  gallons  of  water  are  sufficient. 

Several  park  superintendents  and  city  foresters  have  found 
advantage  in  adding  glucose  when  using  arsenical  insecti- 
cides, the  theory  being  that  this  material  causes  the  poison 
to  adhere  in  a  superior  manner  to  the  foliage ;  and  this  at 
one  time  was  our  practice  in  the  work  against  the  gypsy 
moth.  Careful  experiments,  however,  involving  chemical 
analyses  of  foliage  sprayed  with  the  same  quantities  of  arse- 
nate of  lead  but  with  and  without  glucose,  showed  no  in- 
crease where  the  latter  was  used.  This  result  was  confirmed 
by  picking  foliage  from  the  sprayed  trees  several  weeks 
after  the  spraying,  and  feeding  it  to  caterpillars.  The  death 
rate  in  the  two  cases  was  practically  the  same.  There  can 
be  no  harm,  however,  in  using  the  glucose,  and  it  is  pos- 
sible that  its  addition  results  in  a  better  suspension  and  dis- 
tribution of  the  poison. 

Not  less  important  than  the  subject  of  insecticides  is  that 
of  spraying  outfits.  Of  these  it  may  be  truly  said  that  their 
name  is  legion,  and  a  glance  through  the  catalogues  of 
pump  manufacturers  will  show  an  assortment  of  outfits  suit- 
able for  spraying  almost  any  kind  of  crop  or  tree.  While 
there  are  doubtless  hundreds  of  outfits  suitable  for  use  on 
shade  trees,  it  will  be  my  purpose  to  mention  only  a  few 
standard  forms,  which  experience  has  shown  to  be  of  high 
value  for  this  specific  purpose. 

First  let  us  consider  the  needs  of  the  owner  of  a  few  shade 
trees.  In  many  cases  he  cannot  afford,  and  does  not  require, 
the  high-priced  outfits  suitable  for  park  work  on  a  large 
scale.  He  can  get  satisfactory  results  from  an  outfit  suited 
for  ordinary  orchard  work,  with  a  slight  additional  expense 
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for  ho^e.     The  bill  for  such  apparatus  would  be  about  as 
follows  :  — 

1  hand-lever  pump  with  air  chamber,  mounted  in 

a  50-gallon  cask, $15  00 

100  feet  half-inch  white  cotton  hose,  at  10  cents,     .  10  00 

1  8-foot  i-inch  gas  pipe  pole  extension,  .        .        .  1  00 

1  Vermorel  nozzle, 60 

$26  60 

Concerning  the  pump,  it  may  be  said  that  any  of  the 
standard  makes,  operated  by  a  lever  and  having  an  air  cylin- 
der of  one  and  a  half  inches  or  more  in  diameter,  a  stroke 
of  five  inches  or  more  and  a  suitable  air  chamber,  will  give 
sufficient  force  for  the  spraying  of  even  tall  elms ;  and,  as 
already  indicated,  the  outfit,  if  properly  cared  for,  would  be 
suitable  for  orchard  and  garden  work  for  a  term  of  years. 

On  large  estates  or  in  the  case  of  parks  or  street  trees  a 
more  powerful  outfit  will  be  required.  For  economy  of 
labor,  the  pump  should  be  capable  of  supplying  at  least  four 
lines  of  hose.  It  should  have  a  large  air  chamber  to  regu- 
late the  pressure,  and  its  construction  should  be  so  simple 
yet  rigid  that  it  can  be  operated  by  one  able-bodied  man. 
Such  a  pump  has  been  recently  offered  in  the  market  and 
tested  in  park  work  at  Ipswich,  Mass.,  with  most  satisfac- 
tory results.  The  bill  for  this  outfit  would  stand  about  as 
follows  :  — 

1  pump, $25  00 

Suction  hose  and  fittings, 5  00 

200  feet  half-inch  cotton  hose, 20  00 

2  spray  poles,  at  $1, 2  00 

2  nozzles,  at  60  cents, 1  20 

1  150-gailon  hogshead, 1  50 

$54  70 

Where  four  lines  of  hose  are  to  be  used,  the  items  for 
spray  poles,  hose  and  nozzles  should  be  doubled.  This  out- 
fit will  effectively  spray  the  tallest  trees,  and  will  readily 
operate  four  lines  of  hose  where  it  is  desirable. 

One  of  the  best  outfits  ever  devised  for  park  or  street 
work  is  the  one  formerly  in  use  by  the  gypsy  moth  com- 
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mittee,  and  which  is  now  being  manufactured  in  a  limited 
way.  This  apparatus  consists  of  a  100-gallon  tank,  mounted 
on  a  suitable  truck  for  transportation  by  hand,  a  powerful 
double-acting  brass  pump  with  agitators,  200  feet  of  hose, 
spray  poles  and  nozzles  complete,  and  can  be  purchased  for 
the  lump  sum  of  $125.  The  advantages  of  this  outfit  over 
the  one  previously  described  are  that  it  requires  no  team  for 
transportation,  the  pump  is  submerged  and  therefore  there 
is  no  leakage,  while  powerful  agitators  keep  the  mixture 
thoroughly  stirred.  These  outfits  have  been  used  in  the 
parks  of  Worcester  and  Springfield  and  elsewhere  with  com- 
plete success.  There  is  a  question  whether  more  and  better 
work  cannot  be  done  with  two  outfits  of  the  kind  previously 
described,  as  used  at  Ipswich ;  but  this  is  a  point  which 
park  authorities  must  settle  after  examining  the  respective 
outfits. 

It  may  seem .  somewhat  strange  to  pass  the  subject  of 
spraying  outfits  without  extensive  consideration  of  those 
operated  by  power.  The  writer  has  carefully  examined  a 
large  number  of  these  power  outfits,  secured  figures  of  their 
cost,  etc.,  and  has  come  to  the  conclusion  that,  at  least  for 
our  New  England  cities  and  towns,  better  and  more  satisfac- 
tory work  can  be  done  with  the  same  amount  of  money 
invested  in  hand  outfits.  A  suitable  gasoline  or  steam  spray- 
ing outfit  cannot  be  purchased  for  less  than  $225,  the  price 
ranging  upward  to  $500.  A  fair  estimate  of  the  cost  of  the 
power  apparatus  would  be  $400,  and  for  this  sum  there  could 
be  obtained  three  outfits  such  as  used  in  the  gypsy  moth 
work,  or  seven  like  those  used  at  Ipswich. 

The  great  desideratum  in  spraying  operations  is  to  thor- 
oughly cover  the  infested  territory. in  the  shortest  possible 
time.  This  can  be  done  by  a  battery  of  small  outfits  much 
more  satisfactorily  than  with  power  apparatus.  These  light 
outfits  permit  simultaneous  attack  over  the  greater  part  of 
an  entire  city,  and  with  a  suitable  corps  of  men  the  spraying 
can  be  done  at  just  the  right  entomological  moment ;  whereas 
the  same  amount  of  capital  invested  in  one  or  two  power 
outfits  would  not  permit  timely  work  on  a  large  scale.  In 
addition,  where  such  an  outfit  breaks  down,  everything 
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comes  to  a  standstill  until  repairs,  often  expensive,  can  be 
made.  With  the  small  outfits  the  temporary  loss  of  even 
t\vo  or  three  will  not  prevent  the  continuance  of  effective 
work  by  the  remainder,  and,  as  the  parts  are  interchange- 
able, frequently  two  broken  pumps  can  be  combined  to  put 
one  of  them  into  working  condition. 

Another  objection  to  the  use  of  power  outfits  is  the  in- 
creased temptation  to  throw  the  solution  onto  the  foliage  in 
a  stream,  instead  of  in  a  spray.  The  pump  is  backed  by 
adequate  power,  and  nothing  is  easier  for  a  lazy  workman 
than  to  open  the  nozzle  and  drench  the  tree,  instead  of 
spraying  it.  Sprinkling  is  not  spraying ;  drenching  is  not 
spraying.  The  only  effective  way  to  spray  a  tree  and  have 
the  poison  remain  on  it  is  to  apply  the  solution  as  a  fine  mist. 
Take  a  lesson  from  nature ;  the  dew  or  fog  coats  the  foliage 
with  minute  isolated  particles  of  water,  which  adhere ;  the 
drops  of  rain  roll  off.  So  it  is  with  spraying.  The  poison 
in  the  form  of  a  mist-spray  can  be  drifted  into  the  tree,  com- 
mencing at  the  top,  and  the  whole  tree  can  be  treated  with- 
out the  loss  of  a  single  gallon  of  the  solution.  This  is  the 
only  right  way  to  spray.  The  poison  dries  on  the  leaves, 
and  is  in  the  right  place  when  the  insects  arrive.  I  venture 
to  say  that  at  least  one-half  of  the  poor  results  from  spraying 
are  due  to  a  lack  of  knowledge  of  how  to  apply  the  materials 
to  the  foliage. 

The  cost  of  spraying  operations  on  the  scale  necessary  in 
park  or  town  work  is  difficult  to  compute,  yet  on  no  other 
point  is  information  so  much  needed  by  those  in  charge  of 
trees.  The  experience  of  others  is  the  best  guide,  but  even 
this  is  difficult  to  obtain,  as  most  workers  very  properly  de- 
vote their  energies  to  spraying  the  trees,  and  consequently 
ignore  the  details  of  daily  or  weekly  records  of  work  per- 
formed. The  writer,  by  dint  of  correspondence  and  personal 
solicitation,  has  obtained  the  statements  given  below  from 
reliable  sources,  and  would  at  this  time  make  thankful  ac- 
knowledgment for  the  same. 

Mr.  J.  A.  Pettigrew,  superintendent  of  parks  at  Boston, 
Mass.,  while  holding  a  similar  position  at  Brooklyn,  N.  Y., 
sprayed  8,712  elms  with  London  purple,  at  a  total  cost  of 
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$1,370.  This  operation  included  salaries  of  engineer,  fore- 
man, one  double  team,  one  single  team  and  six  laborers. 
The  trees  were  from  15  to  40  feet  in  height,  and  approxi- 
mately one-third  of  them  were  sprayed  twice ;  thus  the  cost 
of  once  spraying  the  8,712  trees  was  less  than  12  cents  per 
tree. 

Mr.  Wm.  F.  Gale,  at  Springfield,  Mass.,  has  had  long 
experience  in  the  work  of  spraying,  and,  although  he  has 
many  very  large  elms  with  which  to  deal,  he  has  reduced 
the  operations  to  almost  an  exact  science.  The  figures  he 
kindly  gave  me  are  as  follows  :  — 

Labor, .  f  4,069  00 

Insecticides, 357  00 

Repairs,        .        . Ill  00 

Interest  on  investment  in  outfits, ....  106  44 

$4,643  44 

Number  of  trees  sprayed, 16,000 

Net  cost  per  tree, .        .        .        .        .        .        .          $0  29 

Certain  large  elms  at  Court  Square  cost  between  $10  and 
$11  per  spraying  ;  but  as  these  trees  are  of  exceptional  size, 
and  stand  in  a  busy  public  square,  their  treatment  was  sur- 
rounded with  more  than  ordinary  difficulties. 

While  connected  with  the  work  against  the  gypsy  moth 
the  writer  made  a  compilation  from  the  daily  reports  of 
employees  of  the  cost  of  spraying  212  large  oaks  and  other 
open  land,  first-growth  trees,  at  Brookline,  Mass.  In  this 
case  the  laborers  were  paid  a  minimum  of  $2  per  day,  and 
the  item  for  supervision  was  larger  than  would  be  necessary 
in  town  or  park  work.  The  total  expense  was  about  49 
cents  per  tree.  The  cost  of  spraying  1,500  sprout-growth 
oaks,  ranging  from  15  to  40  feet  high,  at  Medford,  Mass., 
was  similarly  compiled,  and  found  to  be  15  cents  per  tree. 

At  Worcester,  Mass.,  the  park  commission,  through  its 
energetic  secretary,  Mr.  James  Draper,  has  waged  a  thor- 
oughgoing warfare  against  the  elm-leaf  beetle  for  three  years 
past.  The  city  forester,  Mr.  Chas.  Greenwood,  writes  me 
that  he  never  has  kept  an  accurate  account  of  the  exact  cost 
of  spraying,  but  estimates  it  as  follows  :  — 
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Trees    8  to  10  inches  in  diameter,      .        .  f  0  50  to  $1  00 

Trees  12  to  20  inches  in  diameter,      .        .  1  00  to    2  00 

Trees  24  to  30  inches  in  diameter,       .        .  3  00  to    4  00 

Trees  extra  large, 6  00  to  10  00 

Dr.  E.  P.  Felt,  State  entomologist  to  New  York,  has 
given  this  subject  much  attention,  and  kindly  sends  me  the 
data  of  some  large  spraying  operations. 

At  Lansingburg,  N.  Y.,  a  large  number  of  street  trees 
(exact  number  not  given)  were  sprayed  by  Mr.  H.  "W.  Gor- 
dinier  of  Troy,  N.  Y.,  at  a  net  cost  of  23  cents  per  tree. 
Mr.  Gordinier  is  personally  known  to  the  writer,  and,  as  he 
carries  on  contract  spraying  as  a  side  line,  his  estimates  of 
cost  are  entirely  worthy  of  credence.  He  figures  that  the 
actual  cost  of  spraying  elms  as  they  run,  large,  medium  and 
small,  is  from  50  to  60  cents  each. 

Dr.  Felt  also  writes  that  in  1900  Mr.  F.  W.  Wells,  super- 
intendent of  streets  at  Saratoga  Springs,  sprayed  5,667  trees 
at  a  net  cost  of  17 J  cents  per  tree.  The  trees  were  between 
20  and  80  feet  in  height.  The  outfit  used  was  a  power 
sprayer  with  elevated  tower. 

These  varied  estimates  will  give  a  general  idea  of  the  cost 
of  spraying  operations  as  carried  on  both  with  hand  and 
power  apparatus.  It  should  be  borne  in  mind  that  in  some 
cases  cheap  spraying  is  not  always  the  most  effective.  The 
figures  given  by  Mr.  Gale  are  to  my  mind  highly  suggestive 
when  applied  to  Massachusetts  conditions,  although  they  are 
lower  than  would  be  the  case  in  the  average  town  or  city, 
because  of  the  large  number  of  small  elms  which  were 
sprayed  from  the  ground. 

The  writer's  estimate  of  spraying  trees  once  with  arsenate 
of  lead,  using  a  suitable  hand  outfit,  and  with  labor  at  $2 
per  day,  is  as  follows  :  — 

Trees  10  feet  tall,  . $010 

Trees  15  feet  tall, 15 

Trees  20  feet  tall, 25 

Trees  30  feet  tall, 40 

Trees  40  feet  tall, 50 

Trees  50  feet  tall, 1  00 

Trees  60  feet  tall, 2  00 

Trees  70  feet  tall, 4  00 

Trees  80  feet  and  over,      .        .        .        .      $5  00  to  10  00 
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These  figures  will  vary  with  the  efficiency  of  the  men,  the 
distance  water  must  be  carried,  and  other  considerations  that 
may  come  in  to  help  or  hinder  the  work. 

The  question  of  who  shall  bear  the  cost  of  suppressing 
noxious  shade-tree  insects  is  being  settled  rapidly  by  public- 
spirited  citizens,  so  far  as  street  and  park  trees  are  con- 
cerned. Such  trees  being  public  property,  their  protection 
is  a  public  duty,  and  there  is  no  better  index  to  the  charac- 
ter of  a  community  than  the  care  given  its  shade  trees. 
While  municipalities  afflicted  by  outbreaks  of  shade-tree 
pests  are  dealing  with  them  energetically  as  a  rule,  there  is 
one  factor  that  often  hinders  the  success  of  municipal  work. 
I  refer  to  the  unrestricted  occurrence  of  these  insects  on 
private  estates.  It  profits  little  to  spray  street  trees  for  the 
tussock  moth,  for  example,  if  on  adjoining  estates  the  in- 
sects are  allowed  to  run  riot  and  reinfest  the  treated  trees. 
Such  negligence  is  clearly  of  the  nature  of  a  public  nuisance, 
and  should  be  dealt  with  accordingly. 

If  the  municipal  machinery  is  organized  to  care  for  shade 
trees  in  public  places,  it  may  well  be  used  to  prevent  the 
injury  coming  from  unsprayed  private  estates,  the  expense 
being  levied  upon  the  owner,  or  met  from  the  municipal 
treasury,  as  the  community  may  elect.  The  essential  thing 
is  to  keep  these  pests  in  subjection,  but  the  question  of  who 
shall  bear  the  expense  has  often  prevented  thorough  remedial 
treatment.  A  view  which  commends  itself  to  the  writer  is 
that  by  the  suppression  of  these  pests,  wherever  they  occur, 
property  owners  in  the  entire  municipality  are  protected, 
and  hence  can  well  afford  to  bear  their  part  of  the  cost  in 
taxes,  as  a  premium  paid  for  immunity  from  direct  loss.  It 
may  be  that  before  such  operations  can  be  carried  on  addi- 
tional municipal  or  State  legislation  will  be  necessary.  If 
the  plan  appeals  to  the  judgment  of  tree,  lovers,  let  them 
give  it  their  serious  consideration,  for  the  need  certainly  is 
a  pressing  one. 

In  the  matter  of  tree  protection  all  citizens  should  take  a 
lively  interest.  See  to  it  that  the  care  of  your  trees  is 
placed  under  proper  supervision  and  in  the  hands  of  a  com- 
petent man.  The  growing  tendency  of  making  all  munic- 
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ipal  offices  the  spoils  of  political  victory  has  as  bad  an 
effect  on  shade  trees  as  it  has  upon  schools,  fire  departments 
or  police  forces.  Illustrations  of  this  point  can  be  found  in 
cities  which  shall  be  nameless,  where  the  hand  of  politics 
has  dropped  incompetent  men  into  offices  nominally  in  charge 
of  miles  of  shade  trees,  —  cities  where  the  elm-leaf  beetle 
and  tussock  moth  have  actually  killed  valuable  elms,  while 
those  in  charge  failed  to  lift  a  finger  until  irretrievable 
damage  had  occurred,  and  then  contented  themselves  with 
sweeping  the  insects  into  the  gutters,  to  be  farther  distrib- 
uted by  showers. 

All  this  is  not  in  keeping  with  the  spirit  of  the  time% 
and  it  is  the  citizens'  duty  to  ask  and  obtain  a  change. 
Springfield,  Worcester,  Northampton,  Plymouth  and  scores 
of  other  municipalities  have  shown  what  can  be  done  by 
intelligent,  well-directed  effort.  The  successful  prosecu- 
tion of  this  work  is  creditable  alike  to  those  in  charge  and 
to  the  enlightened  sentiment  of  a  public  that  has  made  it 
possible. 

We  said  at  the  outset  that  perhaps  it  was  well  that  audible 
speech  had  been  denied  our  grand  old  shade  trees.  Yet, 
lacking  voices,  they  have  spoken  to  men  like  Gilbert  White , 
Thoreau,  Whittier,  Holmes  and  Bryant,  —  men  in  broad 
and  complete  sympathy  with  nature  in  all  her  forms.  And 
sympathy  was  the  key  which  unlocked  the  portals  and  let 
them  into  closest  association  with  the  whole  living  world. 
Wo  need  more  of  this  feeling  for  all  manifestations  of  life. 

o 

And  when  we  obtain  it,  we  too  may  hold  converse  with  the 
tree  guardians  of  our  dwellings  and  streets.  Let  us  so  act 
that  the  messages  they  may  bring  us  shall  not  be  the  sad 
notes  of  neglect  or  reproach,  but  rather  the  sweet  harmony 
of  a  beautiful,  peaceful  existence. 

Ex-Governor  HOARD.  The  lecturer  spoke  very  slight- 
ingly of  the  English  sparrow,  and  I  do  not  owe  him  very 
much  good-will,  but  I  do  know  a  few  things  about  him, 
and  I  am  impressed  with  the  thought  of  where  the  English 
sparrow  gets  its  food  for  its  young  ;  for  every  single  bird  on 
earth,  except  the  pigeon,  feeds  its  young  on  animal  food,  and 
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may  it  not  be  possible  that  the  English  sparrow  helps  a  little 
while  he  is  rearing  his  young? 

Mr.  KIRKLAND.  I  think  a  paper  has  just  been  published 
by  Mr.  S.  D.  Judd,  on  the  "Food  of  nestling  sparrows," 
that  covers  that  point  very  well.  The  sparrow  feeds  its 
young  in  part  on  spiders  and  soft-bodied  insects,  but  changes 
the  diet  to  grain  as  soon  as  the  young  can  stand  it. 

Ex-Governor  HOARD.  I  have  seen  them  feed  them  on 
cabbage  moths  when  nearly  full  grown. 

Mr.  KIRKLAND.  There  is  no  question  but  they  eat  more 
or  less  insects,  but  of  course  they  are  grain-eating  birds, 
and  should  not  be  classed  as  insectivorous  birds. 

Mr.  JAMES  DRAPER  (of  Worcester) .  I  should  like  to  say 
a  word  or  two  to  supplement  one  or  two  points  not  brought 
out  by  the  lecturer.  In  addition  to  the  treatment  he  sug- 
gested, we  commenced  the  scraping  of  the  bark  of  the  elm 
trees,  going  up  fifteen  to  twenty  feet  from  the  ground, 
getting  off  all  the  bark  we  possibly  could  and  gathering  it 
and  burning  it,  and  in  that  way  we  destroyed  millions  and 
millions  of  the  pupae.  Then,  in  addition  to  that,  at  the  first 
treatment,  several  years  ago,  we  sprayed  the  trees  with 
kerosene  emulsion,  but  we  gave  up  the  spraying  process 
later,  and  took  a  stiff  fibre  brush  which  we  could  rub  up  and 
down  quicker  than  we  could  spray  the  trunk. 

Mr.  KIRKLAND.  The  spray  used  was  for  the  trunks  of 
the  trees? 

Mr.  DRAPER.  Yes.  Then  we  followed  up  the  spraying 
process  as  suggested  by  friend  Kirkland  very  effectively,  and 
wherever  the  work  was  thoroughly  done  the  trees  were  pre- 
served. But  we  ran  across  this  trouble :  parties  owning 
trees  on  private  estates  did  not  care  to  have  them  sprayed, 
and  those  trees  would  be  the  nesting  place  for  a  large 
quantity  of  beetles,  and  those  trees  have  been  injured  very 
seriously.  There  is  the  great  difficulty  that  we  labor  under. 
We  take  care  of  our  shade  trees  and  park  trees  and  perfectly 
protect  them,  and  yet  the  owners  of  private  trees  do  noth- 
ing, and  their  trees  are  injured.  You  say,  "  Why  don't 
you  go  in  and  take  care  of  them  ?  "  We  have  no  right  to 
enter  upon  private  estates  for  that  purpose,  nor  have  we 
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any  right  to  take  public  funds  to  apply  on  private  estates. 
We  got  a  ruling  from  the  city  solicitor,  to  see  if  we  had  the 
right  to  do  it.  He  said,  "  If  you  have  a  right  to  do  it  for 
the  elm-tree  beetle,  you  have  a  right  for  any  other  pests." 
I  think  it  is  the  particular  province  of  a  meeting  of  this  kind 
to  discuss  and  see  if  there  cannot  be  some  measure  provided 
to  get  help  in  this  direction. 

One  word  more  in  regard  to  this  equipment.  Instead  of 
having  one  or  two  large  outfits,  we  had  ten  constructed,  and 
had  them  made  to  order  after  the  pattern  used  by  the  gypsy 
moth  committee.  Instead  of  iron  fittings  inside,  we  had 
them  made  of  brass  and  composition,  so  there  was  no  rust- 
ing. Instead  of  two  wheels,  we  have  them  on  low,  four- 
wheeled  trucks,  which  are  easier  to  handle  than  these  tall, 
ungainly  wheels.  We  have  ten  of  the  pumps,  and  they  are 
doing  very  decent  work. 

City  Forester  GALE  (of  Springfield).  The  essayist  has 
covered  the  elm-tree  beetle  question  so  thoroughly,  I  do  not 
think  I  can  say  anything  more  in  its  favor.  But  our  expe- 
rience has  been  that  spraying  thoroughly  protected  the 
trees.  If  the  trees  are  thoroughly  sprayed  in  the  early  part 
of  the  year,  as  soon  as  the  foliage  is  established  enough  to 
bear  the  treatment,  fully  developed,  the  trees  will  go  through 
the  season  without  any  damage  from  any  leaf-eating  insect. 
As  far  as  the  trouble  from  private  estates  is  concerned,  that 
is  the  great  problem.  We  have  in  our  city  a  good  many 
public-spirited  people,  who  are  willing  to  pay  their  share  of 
the  cost  and  glad  to  have  their  shade  trees  sprayed.  We 
treat  all  those  at  the  expense  of  the  owners.  Our  earnings 
this  year  have  been,  perhaps,  a  thousand  dollars  from  that 
source.  But  there  are  a  great  many  whom  we  cannot  reach, 
from  the  fact  that,  as  has  been  stated,  we  have  no  authority 
for  going  in  there,  and  of  course  have  no  right  to  expend 
public  money  for  that  purpose.  But  there  should  be  some- 
thing done.  The  law  of  France  that  the  speaker  has  re- 
ferred to  is  just  what  we  want.  We  want  to  have  something 
to  compel  the  property  owners  who  are  indifferent  and  care 
nothing  for  the  general  appearance  to  allow  us  to  spray 
their  trees  and  rid  their  premises  of  injurious  insects.  I  hope 


110  BOARD    OF   AGRICULTURE.     [Pub.  Doc. 

the  time  will  come  when  we  can  do  that.  There  is  but  one 
sure  protection  against  the  elm-tree  beetle,  and  that  is  by 
thoroughly  spraying  the  foliage,  and  that  applies  also  to 
other  beetles  and  insects,  as  the  speaker  has  said,  and  he  has 
covered  the  ground  very  thoroughly.  The  apparatus  we  use 
with  the  best  success  is  the  one  used  by  the  gypsy  moth 
people.  I  have  fourteen  small  fifty-gallon  cask  pumps  and 
two  of  the  larger  ones,  and  I  shall  use  two  more  this  season. 
The  importance  is  in  doing  the  work  promptly.  The  entire 
city  or  town  wants  to  be  covered  within  a  given  time. 
When  one  section  of  the  town  is  ready,  it  is  all  ready,  and 
it  is  important  to  have  sufficient  apparatus  to  cover  the  whole 
territory  at  once  as  nearly  as  may  be.  If  it  can  be  done 
within  ten  days,  all  the  better.  I  mean  to  cover  our  en- 
tire section  within  three  weeks,  unless  weather  prevents. 

QUESTION.     What  insecticide  do  you  use? 

Mr.  GALE.     Arsenate  of  lead. 

The  CHAIRMAN.  Isn't  there  considerable  that  can  be  done 
by  the  individual  with  the  beetle  ? 

Mr.  DRAPER.  In  the  larval  state,  of  course,  individuals 
can  destroy  thousands  by  simply  brushing  them  down  every 
morning.  We  have  one  lady  in  our  city  who  is  very  much 
interested  in  the  matter,  and  I  cannot  say  now  how  many 
thousands  she  has  gathered,  but  a  great  many  of  them.  She 
has  a  little  cotton  band  covered  by  newspaper,  where  the 
larvae  gather  during  the  night,  and  every  morning  she  takes 
them  out  by  the  quart,  or  in  great  quantities,  and  destroys 
them.  A  great  many  of  the  larvae  come  down  trees  that  are 
not  sprayed.  It  is  not  always  that  they  come  from  the  tree 
they  are  on.  Sometimes  they  come  from  other  places,  where 
no  insecticide  is  used.  We  have  had  experience  this  season 
with  trees  that  had  been  thoroughly  sprayed  where  larvae 
came  down,  and  it  was  reported  by  some  of  the  newspaper 
people  that  they  were  thoroughly  eaten  up  from  the  larvse 
of  the  beetle.  Within  fifty  feet  of  these  trees  were  two 
trees  on  private  grounds  that  had  not  been  treated.  Before 
the  larvae  had  finished  feeding,  those  trees  were  stripped, 
while  the  trees  that  were  sprayed  were  perfectly  green. 

Mr,  PRATT,     I  would  like  to  ask,  have  you  any  evidence 
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of  trees  that  have  been  stripped  for  several   years  being 
entirely  destroyed  or  killed  ? 

Mr.  DRAPER.  We  have  had  only  a  few.  We  have  had 
the  beetle  now  six  years.  There  are  two  trees  which  have 
been  stripped  three  years  repeatedly,  which  are  not  entirely 
dead,  but  the  greater  part  of  them  is  dead. 

Mr.  PRATT.  In  case  of  the  gypsy  moth,  two  or  three 
shippings  were  death  to  the  tree ;  but  I  think  the  elm-tree 
beetle  does  not  work  as  severely  on  the  tree  as  the  gypsy 
moth. 

Mr.  DRAPER.  I  would  like  to  say  that  I  had  a  corre- 
spondent in  Paris  who  told  me  that  three  or  four  hundred 
trees  had  died  from  repeated  strippings,  and  that  three  or 
four  defoliations  would  kill  them  out  entirely.  But  I  think 
the  American  elm  would  stand  more.  The  English  elm 
might  give  it  up  after  three  or  four  years. 

Mr.  BABB.  One  thing  that  remained  with  me  from  the 
morning,  brought  out  by  Mr.  Clark,  was  in  regard  to  the 
use  of  glucose  with  the  arsenate  of  lead.  The  question 
was  not  answered  exactly  this  morning.  I  should  like  to 
ask  Mr.  Kirkland  about  the  use  of  glucose,  —  whether  it 
is  necessary. 

Mr.  KIRKLAND.  In  the  early  days  of  the  gypsy  moth  we 
used  glucose  as  a  matter  of  course,  and  had  faith  in  it ;  but 
there  were  some  things  that  led  us  to  doubt  the  advisability 
of  using  it,  and  we  made  a  series  of  experiments.  We 
sprayed  some  oak  bushes  with  glucose  and  arsenate  of  lead, 
and  other  bushes  with  the  arsenate  of  lead  in  the  same  pro- 
portion and  no  glucose.  Professor  Fernald  with  Mr.  For- 
bush  saw  those  bushes  a  few  weeks  after.  They  could  see 
no  evidence  of  difference  in  the  two  lots.  We  took  the 
foliage  at  the  end  of  about  six  weeks,  counted  a  number  of 
leaves  from  each  bush,  and  fed  them  to  caterpillars.  The 
killing  of  the  caterpillars  was  practically  the  same  in  each 
case.  In  September,  some  months  after  the  spraying,  we 
cut  whole  bushes  and  picked  off  the  leaves  from  each  lot, 
and  had  an  equal  weight  of  those  leaves  examined  by  a 
chemist,  and  he  found  practically  no  difference  in  the  amount 
of  arsenic  present.  The  next  year  we  dropped  the  use  of 
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glucose  and  sprayed  with  arsenate  of  lead  with  no  glucose, 
and  it  was  the  most  successful  year  we  had  ever  sprayed. 
Perhaps  the  greater  success  was  due  to  the  improvement  in 
the  outfit.  I  do  not  think  the  glucose  helps  the  poison  to 
adhere.  It  may,  by  making  a  more  dense  solution,  insure  a 
better  distribution  of  the  poison.  The  chemist  told  me  that 
after  the  first  rain  yo.u  could  find  no  glucose  on  the  leaves. 

Mr.  BABB.  I  asked  the  question  because  it  seemed  tome 
Mr.  Clark  was  a  strong  advocate  of  glucose,  and  my  opinion 
was  it  was  not  necessary,  an  unnecessary  expense,  so  might 
as  well  be  saved. 

Mr.  CLARK.  I  would  answer  that  question  in  regard  to 
glucose  that  the  expense  of  it  is  almost  nothing,  and  it 
does  make  the  arsenate  of  lead  adhere  most  thoroughly.  I 
began  the  campaign  against  the  elm-beetle  the  earliest  of 
anybody  in  this  valley,  probably.  I  commenced  with  one 
three-horse  steam-power  boiler,  and  I  think  for  all  large 
towns  and  cities  it  is  well  to  have  one  steam  sprayer  for 
the  work,  because  it  is  very  difficult  to  put  ladders  up  70 
and  80  feet,  and  we  have  trees  here  nearly  90  feet  high. 
With  a  steam  sprayer  we  can  spray  these  high  trees  very 
fast,  and  by  an  attachment  we  have  on  the  engine  we  can 
spray  two  small  trees  at  the  same  time  with  the  steam 
sprayer,  —  trees  30  or  40  feet  high,  if  it  is  required.  Of 
course  for  the  smaller  trees  of  the  town,  I  think  it  certainly 
is  well  to  have  the  Ware  pump  that  has  been  spoken  of  here. 
I  believe  that  is  the  one  used  in  Worcester. 

Mr.  DRAPER.     Yes. 

Mr.  CLARK.  In  buying  that  pump  I  wish  to  say  this, 
you  want  to  buy  it  entirely  with  brass  connections,  because 
those  fitted  with  steel  or  iron  will  corrode.  With  brass  fit- 
tings it  can  be  used  for  years.  I  have  prepared  a  little 
paper  for  superintendents  of  parks,  part  of  which  I  would 
like  to  read  to  you,  because  it  gives  a  hint  of  how  to  com- 
mence the  work  :  — 

First,  examine  carefully,  in  the  month  of  July,  all  the 
elm  trees  under  your  care,  and  see  if  any  of  the  leaves  are 
skeletonized,  —  that  is,  if  the  green  portion  of  the  leaves  is 
eaten  out  and  the  skeleton  left, 
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Second,  nail  a  galvanized-iron  tag  about  one  inch  square 
on  all  trees  found  infected  in  the  slightest  degree,  making 
an  accurate  list  of  all  such  trees  and  the  exact  location,  tak- 
ing in  also  all  trees  on  private  ground  adjoining,  so  as  to 
know  just  where  to  begin  the  work. 

Third,  get  your  apparatus  purchased  before  the  month  of 
May,  or  this  coming  winter,  if  possible,  so  as  to  be  ready 
for  your  work  next  spring. 

The  apparatus  should  comprise,  for  ladders,  one  three- 
section  extension  ladder,  60  feet ;  one  two-section  extension 
ladder,  45  feet ;  one  single  ladder,  35  feet ;  one  single  lad- 
der, 20  feet;  one  single  ladder,  12  feet,  for  each  gang  of 
five  men  where  both  large  and  small  trees  are  to  be  sprayed. 

The  best  sprayer  that  has  come  to  my  knowledge  is  the 
Ware  hand  pump,  made  for  and  used  by  the  gypsy  moth 
committee.  It  is  fitted  with  hardened  brass  fittings,  is 
worked  by  one  man,  and  will  spray  two  trees  at  once,  but 
not  quite  so  rapidly  as  a  steam  pump  sprayer. 

When  there  are  a  large  number  of  large  trees,  50  to  80 
feet  high,  I  recommend  a  two  to  three  horse-power  boiler 
and  a  duplex  steam  pump.  The  one  I  use  is  manufactured 
in  Springfield,  Mass.,  and  will  rapidly  spray  trees  80  feet 
high  by  using  a  little  larger  nozzle  for  the  top  branches. 
Be  especially  careful  to  spray  both  sides  of  the  leaves,  as  the 
beetle  attaches  its  eggs  on  the  under  side  of  the  leaf,  and  the 
worms  begin  to  feed  there  as  soon  as  they  are  hatched  out. 
The  early  spraying  is  then  far  the  most  effective,  as  it  kills 
both  beetles  and  worms.  Always  commence  spraying  at 
top  of  the  tree. 

Spraying  poles  10  feet  in  length  with  attachment  for 
nozzles  can  be  had  for  $3,  and  are  very  valuable  for  high 
spraying. 

Although  you  want  for  most  of  the  spraying  work  a  noz- 
zle that  will  spray,  I  find  it  better  to  use  a  little  larger 
straight-tip  nozzle,  so  as  to  be  sure  to  thoroughly  wet  the 
top  branches  of  high  trees,  — the  most  difficult  work  to  be 
done,  as  the  beetles  resort  there  when  driven  from  the  lower 
part  of  the  trees . 

A  low  one-horse  truck  for  transporting  the  hand-pump, 
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100-gallon  truck  and  other  apparatus,  can  be  bought  for  $35, 
and  is  just  what  is  needed  for  use  in  the  field  or  street. 

In  regard  to  scraping  the  bark  off,  since  we  have  the  arse- 
nate  of  lead  spray  I  don't  think  there  is  need  of  it.  Taking 
all  the  bark  off  the  tree  certainly  has  a  tendency  to  make  its 
bark  too  thin  for  winter  protection,  and  is  liable  to  injure 
the  tree.  I  have  had  pretty  good  success.  In  Florence  I 
commenced  spraying  about  five  years  ago,  and  we  have 
practically  exterminated  the  beetle. 

The  question  has  been  asked  about  the  killing  of  the 
trees.  You  can  go  through  Longmeadow,  a  town  that  has 
been  neglected,  they  haven't  sprayed  at  all,  and  see  the 
ends  of  the  trees  dying.  If  you  neglect  the  tree,  it  is 
certain  to  die.  If  the  trees  are  not  sprayed,  they  will 
commence  to  die  down. 

Dr.  H.  T.  FERNALD  (of  Amherst).  It  seems  to  me  there 
are  some  items  that  should  be  spoken  of  with  reference  to 
how  far  our  authorities  permit  us  to  enter  upon  private  prop- 
erty for  the  control  of  noxious  pests.  That  question,  I  think, 
is  one  of  the  most  important  we  shall  have  to  deal  with  in 
the  next  fifty  years,  because  the  number  of  insect  pests  is 
spreading  rapidly  all  over  the  country,  and  they  are  not  pay- 
ing any  attention  to  property  lines  or  fences.  The  park  or 
the  city  authorities  may  clear  all  the  public  ground  of  those 
noxious  pests,  but  if  they  are  unable  to  control  those  pests 
on  private  grounds,  and  the  owners  of  those  grounds  do  not 
co-operate  with  the  public  authorities  in  the  matter,  any 
attempts  come  to  no  result.  The  question  has  recently  been 
discussed  as  to  the  power  of  public  authorities  to  enter  pri- 
vate grounds  for  those  purposes,  in  a  meeting  of  official  hor- 
ticultural inspectors  of  the  United  States,  held  at  Washington 
some  two  weeks  ago.  At  that  time  it  was  decided  that  the 
present  laws  in  most  of  our  States  are  very  defective,  in  that 
they  do  not  make  clear  that  the  authorities  have  a  right  to 
enter  upon  private  property,  or  in  some  States  they  said  that 
they  have  no  such  right,  and  that  a  person  so  entering  upon 
private  property  is  liable  to  a  suit  for  damages.  It  was  the 
sentiment  of  that  convention,  at  which  I  was  present,  that 
this  was  a  very  unfortunate  condition  of  affairs,  but  never- 
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thelrss  it  was  the  present  state  of  the  case,  and  the  only  way 
of  controlling  insects  and  other  pests  distributed  impartially 
on  public  and  private  grounds  was  by  co-operation  of  the 
public  authorities  and  private  owners.  Unfortunate  as  this 
conclusion  may  be,  it  is  at  all  events  the  condition  which 
confronts  us  at  the  present  time  ;  and  we  must  work  either  on 
that  basis  or  work  for  a  change  of  our  laws  that  will  recog- 
nize, perhaps,  what  we  consider  the  law  of  "public  nui- 
sances," and  obtain  an  application  of  that  law  to  public  pests. 
Perhaps  in  that  line  we  may  look  towards  relief  in  the 
future,  if  we  do  not  have  it  at  the  present  time. 

Mr.  Kirkland  has  said,  if  I  understood  him  correctly,  that 
one-half  of  the  failures  of  spraying  were  due  to  not  know- 
ing how  to  apply  the  spray.  I  entirely  agree  with  Mr. 
Kirkland  in  that,  and  I  would  like  to  add  that  in  my  opinion 
the  other  half  of  the  failures  in  spraying  are  due  to  not 
knowing  how  to  make  the  material  to  put  on.  Anybody 
who  has  tried  to-  make  up  arsenate  of  lead  from  the  chemi- 
cals, and  who  has  gone  to  a  drug  store  and  bought  those 
chemicals  and  run  his  risk  of  the  adulteration,  and  has  tried 
to  get  arsenate  of  soda  96  or  98  per  cent  pure,  and  then 
gone  to  work  and  tried  to  get  it  into  a  gallon  of  water  in  the 
proper  proportion, — by  the  time  he  has  done  that  he  is 
generally  a  pretty  thoroughly  mixed  up  man  the  first  time, 
and  sometimes  a  good  many  times  thereafter.  That  is  one 
reason  why  Paris  green  remains  in  favor.  Most  men  I  find 
start  out  with  Paris  green,  and  they  say  it  is  because  they 
have  only  to  dump  it  into  the  water.  They  get  mixed  when 
they  try  to  prepare  insecticides.  The  trouble  is,  we  need 
more  or  less  of  chemical  training  to  keep  us  from  dropping 
into  pitfalls.  They  are  all  about.  I  have  never  seen  a  man 
that  succeeded  in  making  a  kerosene  emulsion,  that  was  an 
emulsion,  the  first  time.  For  that  reason  I  think  we  must 
look  for  a  fixed  supply  of  definite  insecticide  materials ;  and 
I  do  not  know  but  that  it  is  the  natural  modesty  of  the 
speaker  who  has  just  concluded,  but  it  seems  to  me  he  has 
left  something  unsaid.  Mr.  Kirkland  could  not  speak  from 
his  position  as  I  am  able  to.  I  acknowledge  the  feeling  that 
we  must  have  an  insecticide  which  demands  only  the  addi- 
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tion  of  water  or  only  simple  treatment  to  prepare.  I  do  not 
believe  in  advertising  in  a  general  way,  but  where  I  can  hon- 
estly recommend  a  thing  I  feel  it  is  as  much  my  business  as 
to  put  down  a  moth  catcher  such  as  they  got  out  in  Missouri 
last  year.  I  consider  that  the  Bowker  insecticides,  among 
others,  are  excellent  and  reliable  ;  and  one  of  the  best  points 
about  them  is,  there  is  no  weighing  out  so  many  ounces  of 
this  and  that  and  heating  it  in  a  steam  boiler,  and  stirring 
it  so  long,  and  perhaps  muttering  a  charm  as  you  do  it,  but 
you  have  it  right  in  hand,  and  that  is  where  it  should  be 
every  time  except  for  those  of  us  who  have  opportunity  to 
experiment  and  practise  until  we  get  the  results  well  under 
our  control.  These  gentlemen  have  a  great  advantage  over 
the  average  man  who  has  his  spraying  to  do  in  a  hurry,  right 
then,  with  other  work  pressing  in  every  moment.  If  I  had 
acquaintance  with  other  firms,  I  might  be  able  to  say  the  same 
thing.  I  have  not  that  fortune.  I  speak  of  what  I  know. 

The  brown-tail  moth  has  been  spoken  of.  Let  me  say 
that  one  of  my  duties  as  one  of  the  nursery  inspectors  of 
the  State  has  taken  me  into  nurseries  in  several  parts  of  the 
State,  and  in  several  of  these  nurseries  the  brown-tail  moth 
is  abundant.  That  means  if  men  buy  nursery  stock  they  are 
liable  to  bring  the  brown-tail  moth  here,  or  to  Pittsfield,  or 
anywhere  in  this  State  or  other  States ;  and  the  only  protec- 
tion you  have  against  the  brown-tail  moth  or  the  San  Jos6 
scale  is  such  protection  as  is  given  by  requiring  the  nursery- 
man to  give  a  certificate  that  his  nursery  has  been  examined 
and  none  found.  The  failure  to  do  that  has  cost  the  loss 
of  thousands  and  thousands  of  dollars  to  this  State,  and  is 
going  to  cost  the  loss  of  many  thousands  of  dollars  more  in 
the  same  line.  It  behooves  every  man  who  intends  to  be 
careful  about  the  stock  he  buys  to  see  that  it  is  covered  by 
a  certificate  that  declares  protection  to  that  stock. 

Mr.  DRAPER.  In  the  line  of  what  Dr.  Fernald  has  said,  I 
wish  to  emphasize  the  same  point  brought  out  by  what  he 
said.  I  am  a  student  under  our  friend  Kirkland  in  this 
matter  of  insecticides,  and  while  he  was  with  the  gypsy 
moth  committee,  he  came  and  gave  us  instructions  in  the 
preparation  of  kerosene  emulsion  and  its  application,  and 
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we  followed  his  directions  and  the  result  was  satisfactory. 
I  omitted  one  part  of  my  little  talk  about  the  use  of  kero- 
sene emulsion.  I  spoke  of  simply  using  it  on  the  trees. 
Instead  of  resorting  to  hot  water,  as  suggested  by  my  friend 
from  Northampton,  we  sprinkled  the  trunks  and  around  the 
roots  of  the  trees  with  kerosene  emulsion.  I  think  that  is 
easier  than  to  try  to  keep  water  hot. 

Mr.  CLARK.  I  would  answer  that  by  saying  I  have  ex- 
perimented upon  the  larvre  and  pup*e  with  both,  and  it  was 
found  the  hot  water  was  more  effective.  The  other  is  good, 
there  is  no  question  about  its  being  very  good  indeed,  but 
\vhiMi  you  put  on  the  hot  water  there  is  no  possible  escape. 
When  you.  put  on  the  boiling  hot  water,  everything  is  gone 
as  far  as  life  is  concerned.  The  hot  water  costs  nothing, 
and  the  kerosene  emulsion  costs  considerable. 

Mr.  DRAPER.  It  is  not  the  purpose  of  the  speaker  to  ad- 
vertise anybody's  goods  or  to  advertise  Mr.  Ware's  pump, 
but  that  is,  in  my  judgment,  the  best  equipment  for  our 
park  and  street  work.  You  are  obliged  to  have  your  ladder 
men  as  well  as  the  tree  men,  that  we  call  "  squirrels."  You 
have  to  have  the  ladder  men,  and  they  can  just  as  well  work 
the  pump,  and  one  of  these  pumps  will  run  four  lines  of  hose 
on  most  of  your  trees,  and  that  is  about  as  fast  as  you  can  do 
it.  I  don't  believe  it  is  policy  to  go  into  the  steam  pumps. 

One  word  more.  Our  experience  in  making  arsenate  of 
lead  was  fairly  satisfactory.  We  took  the  formula  from  Mr. 
F.  J.  Smith  of  the  gypsy  moth  committee  and  tried  to  make 
it  ourselves,  and  it  was  fairly  satisfactory.  But  when  Mr. 
Kirkland  went  into  this  company  and  they  put  out  a  mate- 
rial that  all  we  had  to  do  was  to  put  it  into  the  tank  all 
readj^  mixed,  I  thought  they  were  doing  a  great  service  to 
those  fighting  the  insect  pests,  and  I  use  that  chemical  as 
furnished  by  them,  and  it  has  been  entirely  satisfactory  to 
us  the  past  year. 

The  CHAIRMAN.  It  seems  to  me  it  demands  a  little 
explanation  as  to  the  Ware  pump  and  the  arsenate  of  lead. 
The  committee  who  had  charge  of  the  gypsy  moth  work 
felt  the  necessity  of  a  better  insecticide  than  Paris  green, 
because  of  the  danger  of  burning  the  foliage,  and  the 
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complaints  that  were  brought  in  from  private  individuals 
that  their  trees  were  injured.  A  chemist  was  employed  and 
set  at  work,  the  committee  getting  all  the  hints  from  other 
chemists  possible  for  the  chemist  they  employed.  Pro- 
fessor Fernald  was  consulted,  Dr.  Wellington,  Professor 
Shaler  and  others,  and  hints  were  gotten  from  all  sources 
possible,  and  this  chemist  put  them  in  practice  and  tried 
everything,  first  one  thing  and  then  another  and  another, 
and  the  outcome  was  arsenate  of  lead.  This  morning  per- 
haps undue  credit  was  given  to  the  chemist  who  did  the 
work.  He  did  the  work,  but  he  got  hints  from  educated 
men  everywhere.  Probably  a  hundred  different  compounds 
were  suggested  and  tried,  and  none  of  them  excelled  Paris 
green  until  we  struck  the  arsenate  of  lead,  and  that  filled 
the  bill. 

In  regard  to  the  pump,  we  found  in  the  immense  amount 
of  spraying  we  were  obliged  to  do,  on  trees  one  hundred 
feet  high,  bushes  and  all  kinds  between,  over  hundreds  of 
acres,  we  must  have  better  facilities  for  spraying  than  we  did 
have.  We  found  a  man  willing  to  work  under  our  direc- 
tion, getting  hints  wherever  he  could,  from  experienced 
men,  scientific  men  and  practical  men,  and  put  them 
together  for  this  spraying  machine.  That  man  was  Mr.  E. 
C.  Ware.  Mr.  Ware  made  this  machine  for  the  State  of 
Massachusetts,  and  the  State  of  Massachusetts  paid  the  bill, 
as  it  paid  all  the  bills  for  the  discovery  of  the  arsenate  of 
lead  ;  and  when  the  committee  made  the  contract  with  these 
men,  it  was  agreed  that  any  discovery  they  made  under  the 
pay  of  the  State  of  Massachusetts  should  not  be  patented, 
but  should  be  reserved  for  the  use  of  the  people  of  the 
country,  free,  and  that  is  the  condition  of  the  arsenate  of 
lead  and  of  the  Ware  pump.  If  you  can  make  a  Ware 
pump,  you  have  a  right  to  make  it.  If  you  can  make 
arsenate  of  lead,  you  have  a  right  to  make  it. 

With  reference  to  Mr.  Bowker's  arsenate  of  lead,  he  did 
not  invent  it.  He  puts  together  the  invention  that  the  State 
of  Massachusetts  made,  and  if  he  can  put  it  together  better 
than  anybody  else,  he  is  the  man  you  ought  to  buy  it  of. 
If  he  is  not,  then  you  ought  not. 
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Professor  BROOKS.  Many  of  you  know  that  all  trees  or 
shrubs  which  come  from  Japan  are,  as  a  rule,  free  from  the 
attacks  of  our  insects.  The  Japanese  insects  prey  upon 
them  to  the  same  extent  that  ours  do.  When  I  came  from 
Japan  I  brought  a  few  Japanese  elms  that  I  found  growing 
wild  about  the  country  where  I  lived.  I  do  not  know 
whether  I  have  the  only  tree  of  the  kind  in  the  country  or 
not.  I  think  perhaps  Professor  Sargent  has  them  now, 
because  he  has  been  over  the  same  ground  recently.  This 
tree  that  I  speak  of  was  planted  where  it  stands,  behind  my 
house,  in  the  spring  of  1890.  It  is  now  about  seven  or 
eight  inches  through  at  the  butt  and  about  thirty  feet  high, 
a  very  shapely  tree.  All  the  elms  I  saw  in  Japan  were 
shapely  trees,  —  perhaps  not  equal  to  ours,  but  very 
shapely.  This  tree  is  not  attacked  by  the  beetle.  It  stands 
in  the  midst  of  native  elms.  This  past  summer  those  elms 
were  stripped,  while  the  Japanese  elm  was  not  injured 
appreciably.  This  is  a  point  some  horticulturist  or  nursery- 
man may  like  to  know.  I  hope  efforts  will  be  made  to 
introduce  the  tree  here,  because  it  is  a  means  of  enlarging 
our  resources.  It  is  a  handsome  tree,  altogether  apart  from 
whether  it  proves  permanently  to  be  free  from  insects. 

Prof.  C.  H.  FERNALD.  I  have  a  word  to  say  very  briefly 
upon  what  Professor  Brooks  has  said.  A  year  ago  last 
summer,  while  in  Plymouth,  Mass.,  I  went  to  the  famous 
old  graveyard,  and  there  saw  the  elm  trees  being  defoliated 
by  the  elm-beetle,  and  after  they  had  stripped  those  they 
went  to  the  maple  trees  and  stripped  the  maple  trees.  That 
is  why  I  asked  Mr.  Gale  the  question,  to  see  whether  the 
elm-tree  beetle  has  been  found  going  to  other  trees.  If 
they  would  take  the  American  and  the  English  elm  trees 
and  strip  those,  and  then  go  to  the  American  maples  —  a 
red  maple,  I  suppose  it  was  —  and  strip  those,  I  should 
doubt  whether  any  species  which  came  from  any  country 
would  be  safe.  They  would  naturally  have  a  preference  for 
that  food  plant,  and  would  take  our  American  elms  first ;  but 
after  they  had  done  writh  that  food  I  should  doubt,  from 
what  I  saw  in  Plymouth,  whether  they  would  not  eat  the 
other  trees  as  well. 
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The  CHAIRMAN.    I  think  canker  worms  do  the  same  thing. 

Professor  BROOKS.  I  do  not  care  to  prolong  this  discus- 
sion. I  stated  simply  a  fact.  Other  neighboring  trees  were 
depleted,  and  those  Japanese  elms  were  not.  As  far  as  the 
taste  of  the  insect  is  known,  I  believe  all  destroy  the  leaf, 
and  this  elm  has  a  thicker  and  more  hairy  leaf.  It  might  be 
possible  the  beetles  would  eat  it.  I  do  not  pretend  to  say  they 
would  not.  I  simply  state  the  fact  observed  this  past  season. 

EVENING  SESSION. 

The  evening  session  was  called  to  order  by  Mr.  A.  M. 
Lyman  of  Montague,  delegate  from  the  Hampshire  Agricult- 
ural Society,  who  introduced  as  the  lecturer  of  the  evening 
Maj.  Henry  E.  Alvord  of  the  United  States  Department  of 
Agriculture.  The  lecture,  "Dairying  in  France,"  was 
illustrated  by  the  stereopticon. 
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through  a  force  pump  for  about  five  minutes,  until  the  whole  forms  a 
creamy  mass,  which  thickens  upon  cooling.  For  use,  dilute  nine  times 
with  cold  water. 

The  mechanical  mixture  is  made  by  using  a  special  form  of  pump, 
which  mixes  the  two  liquids  under  pressure.  The  trees  along  Broadway 
have  unquestionably  been  injured  by  gas  escaping  from  the  main.  They 
have  also  suffered  great  injury  from  the  beetles,  and  the  combined  effect 
of  gas  and  beetles  has  killed  some  of  the  trees.  All  residents  should 
cooperate  with  the  city  authorities  to  kill  as  many  of  the  beetles  as 
possible  right  away. 

It  is  hoped  that  the  municipal  authorities  of  Connecticut  will 
be  on  the  alert  the  coming  season,  and  in  readiness  to  spray 
the  elm  trees  with  poison  if  the  beetles  should  be  dangerously 
abundant,  and  thus  prolong  the  lives  of  the  trees,  which,  with 
their  various  other  troubles,  already  have  a  precarious  existence. 

A  SERIOUS  INJURY  TO  HICKORY  TREES  BY  THE    > 
HICKORY  BARK  BORER. 

Scolytus  quadrispinosus  Say. 

On  August  ist,  in  answer  to  a  request,  the  writer  visited 
"Sachem's  Wood,"  New  Haven,  to  examine  the  hickory  trees, 
which  were  in  an  unsatisfactory  condition. 

Many  trees  had  died,  and  many  more  were  fast  losing  their 
vitality.  The  foliage  was  falling  from  the  supposedly  healthy 
trees  and  the  ground  was  literally  covered  with  fresh  and  dried 
leaves.  The  many  dead  leaves  still  on  the  trees  gave  them  a 
brown  and  scorched  appearance.  An  examination  of  the  twigs 
revealed  great  numbers  of  small  black  beetles,  nearly  one-fourth 
of  an  inch  in  length,  which  were  boring  holes  in  the  axils  of 
the  compound  leaves  (see  fig.  2),  cutting  them  off  in  many 
cases  so  that  they  fell  to  the  ground.  In  some  instances  the 
twig  was  eaten  to  such  an  extent  that  it  broke  off  (see  Plate 
VIII,  b).  The  trunks  of  the  dead  and  dying  trees  were  the 
breeding  grounds  of  the  beetles,  and  larvae,  pupae,  and  adults 
were  numerous  under  the  bark.  The  adults  were  emerging 
from  the  bark  through  small  circular  holes,  which  were  so 
abundant  that  the  tree  appeared  to  have  been  filled  with  shot. 

Specimens  were  sent  to  Washington  for  identification,  and 
the  beetle  found  to  be  Scolytus  quadrispinosus  Say.  The  late 
Dr.  C.  V.  Riley  studied  this  insect  in  Missouri  in  1872,  and 
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believing  it  to  be  a  new   species,   described  it  as  S.   carya* 
Later  it  was  found  to  be  identical  with  Say's  quadrispinosus. 


Fig.  <?.— Hickory  twig,  showing  where  the'  beetles  have  made  tunnels 
in  the  axils  of  the  compound  leaves.  Drazving  made  from  an  original 
photograph. 

The  following  account  of  the  method  of  attack  is  copied  from 
Dr.  Riley's  report: 

"Boring  through  the  bark,  the  insect  forms  a  vertical  chamber  next 
to  the  wood,  from  half  an  inch  to  an  inch  in  length,  on  each  side  of 
which  it  deposits  its  eggs,  varying  in  number  from  twenty  to  forty  or 
fifty  in  all.  The  larvae,  when  hatched,  feed  on  the  inner  bark,  each 
one  following  a  separate  track,  which  is  marked  distinctly  on  the  wood. 
Some  trees  contain  them  in  such  numbers  that  the  bark  is  almost 
entirely  separated  from  the  wood.  In  many  cases  the  upper  part  of  the 
tree  is  killed  a  year  or  two  before  the  lower  part  is  attacked.  .  .  .  Both 
sexes  bore  into  the  tree — the  male  for  food,  and  the  female  mostly  for 
the  purpose  of  laying  her  eggs.  In  thus  entering  the  tree,  they  bore 
slantingly  and  upward,  and  do  not  confine  themselves  to  the  trunk, 

*  Fifth  Annual  Report,  State  Entomologist  of  Missouri,  p.  103,  1873. 
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but  penetrate  the  small  branches  and  even  the  twigs.  The  entrance 
to  the  twig  is  usually  made  at  the  axil  of  a  bud  or  leaf,  and  the  channel 
often  causes  the  leaf  to  wither  and  drop,  or  the  twig  to  die  or  brtak 
off." 

Packard*  considers  this  the  most  destructive  bark  borer 
attacking  the  hickory. 

Both  sexes  are  dark  brown  or  nearly  black,  the  thorax  darker 
than  the  wing-covers.  There  are  numerous  hairs  upon  the  head, 
forming  a  brush  which  may  perhaps  be  useful  in  cleaning  out 
the  galleries.  This  brush  is  more  strongly  developed  in  the 
male  than  in  the  female  and  is  well  shown  in  the  left  hand  figure 
of  the  beetle  on  Plate  VIII,  a.  Thorax  and  wing-covers  are 
about  equal  in  length,  and  the  abdomen,  which  is  shorter  than 
the  wing-covers,  is  truncated  in  a  peculiar  manner.  The  abdo- 
men and  thorax  are  more  or  less  hairy  on  the  ventral  surface  in 
both  sexes,  and  some  specimens  have  dorsal  hairs  on  the  front 
portion  of  the  thorax  and  at  the  posterior  extremity  of  the  wing- 
covers. 

On  the  end  of  the  truncated  abdomen,  in  the  male  there  are 
four  spines,  which  fact  evidently  suggested  the  specific  name. 
The  female,  however,  is  not  provided  with  these  spines  and  the 
ventral  portion  of  the  abdomen  is  smooth.  The  beetles  vary 
considerably  in  size  in  both  sexes.  Those  examined  by  the 
writer  were  somewhat  larger  than  the  specimens  studied  by 
Riley  and  described  as  5.  carya  in  the  Fifth  Report  of  the  State 
Entomologist  of  Missouri,  page  107.  Riley  gives  the  length 
as  from  .15  to  .20  inch,  while  the  specimens  which  the  writer 
observed  varied  from  .20  to  .25  inch. 

The  brood  gallery,  which  is  formed  between  the  bark  and 
the  wood,  consists  of  a  short  vertical  tunnel  from  which  branch 
at  right  angles  from  twelve  to  seventeen  smaller  galleries  on 
either  side.  These  side  tunnels  are  excavated  by  the  young, 
each  making  a  separate  burrow,  and  though  often  very  near 
each  other  never  seem  to  cross,  and  are  nearly  parallel  on  each 
side  of  the  central  chamber.  As  the  larvae  increase  in  size 
the  tunnels  diverge  somewhat  so  as  not  to  run  into  each  other. 

Miss  Hillhouse  states  that  no  dead  and  dying  trees  were 
marked  and  cut,  and  that  later  several  more  were  removed  from 
the  grove.  From  what  we  know  of  the  habits  of  the  Scolytidae, 

*  Fifth  Report,  U.  S.  Entomological  Commission,  p.  285,  1890. 
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it  hardly  seems  probable  that  the  beetles  attacked  perfectly 
sound  trees  in  the  beginning.  But  wherever  a  tree  is  injured 
by  accident  or  weakened  by  any  cause,  an  excellent  breeding- 
place  for  the  beetles  is  formed.  In  the  summer  of  1900,  the 
drought  was  extremely  severe  in  the  vicinity  of  New  Haven, 
and  many  trees  suffered.  The  writer  observed  several  hickories 
in  the  city  parks  that  lost  some  of  the  branches  or  the  entire 
top.  The  hickory  trees  on  the  Hillhouse  place  are  in  part 
situated  on  a  dry  knoll  and  it  seems  probable  that  some  of  these 
were  injured  by  the  drought.  These  injured  trees  were  attacked 
by  the  beetles,  which  multiplied  to  such  an  extent  that  the  adults 
in  search  of  food  attacked  the  twigs  and  branches  of  the  more 
vigorous  trees,  thus  weakening  them  sufficiently  to  enable  the 
species  to  breed  in  the  trunks.  Finally  a  large  number  of  good 
trees  perished. 

It  was  recommended  that  as  many  of  the  insects  as  possible 
be  destroyed  in  the  wood  and  bark  of  the  trunk  and  that  the 
remaining  trees  be  ke'pt  in  the  best  possible  state  of  vigor  by 
fertilizing,  removing  dead  wood,  etc.  It  is  doubtful  whether 
anything  more  than  general  preventive  measures  can  be 
employed  against  these  bark  borers.  Possibly  in  case  of  a 
severe  attack  upon  thrifty  trees  it  might  be  worth  while  to 
spray  the  foliage,  twigs,  and  branches,  as  well  as  the  bark  of 
the  trunk,  with  a  thick  whitewash  to  which  Paris  green  had 
been  added.  Some  of  the  beetles  thus  might  be  killed  while 
feeding  upon  the  twigs  or  when  tunneling  into  the  bark  of  the 
trunk  to  make  the  brood  galleries. 

SEVERE  ATTACK  OF  THE  FALL  WEB-WORM. 
Plyphantria  cimea  Drury. 

The  fall  web-worm  was  very  abundant  during  the  season  of 
1901,  and  during  August  and  September  defoliated  a  great 
many  trees  including  nearly  all  kinds  of  fruit,  shade,  and  forest 
trees.  The  attack  was  not  local,  but  extended  all  over  the 
State  and  into  Massachusetts  and  New  York. 

In  September  the  writer  observed  defoliated  trees  in  the 
forests  along  the  Shepaug  river  valley,  along  the  Air  Line  and 
Shore  Line  railroads,  and  through  the  central  portion  of  the 
State.  Along  the  Northampton  railroad,  many  trees  had  lost 


PLATE   VIII 


(a)     Adult  Beetles.     Considerably  enlarged.     Photo,  by  H.  A.  Doty. 


(b)     Hickory  twig  cut  off  by  the  beetles.     Natural  size,     rhoto.  by  If.  A.  Doty 
The   Hickory  Bark  Borer  (Scolytus  quadrispinosus)  and   its  work. 
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PLATE    IX 


Hickory  tree  defoliated  by  the  Fall  Web-worm  ( Hyphantria  cnncaj. 
Photo,  by  Mr.   Tuttle. 


SOAP   AS   AN    INSECTICIDE.  2/1 

their  leaves,  and  at  New  Canaan  several  hickory  trees  were 
bare  the  last  of  September.  One  of  these  is  shown  on  Plate  IX. 
Elms,  birches,  sycamores,  and  hickories  were  attacked  at  Sims- 
bury  and  it  seemed  to  make  very  little  difference  what  the  kind 
of  tree. 

The  young  caterpillars  spin  a  web  around  two  or  three  leaves 
and  feed  within  the  web,  eating  away  the  green  portion  of  the 
leaf,  the  frame-work  remaining.  As  the  larvae  increase  in  size 
the  entire  branch  is  included  in  the  web  and  the  entire  substance 
of  the  leaves  is  devoured,  including  veins.  The  fall  web-worm 
is  an  American  species  and  occurs  all  over  the  eastern  part  of 
the  United  States.  It  is  not  at  all  particular  as  to  its  food 
plants,  and  Howard  states  that  the  records  of  the  Division  of 
Entomology  show  about  120  species  of  forest,  shade,  ornamental 
and  fruit  trees  upon  which  it  feeds.*  There  are  said  to  be 
two  broods  each  year  south  of  New  York.  The  writer  has 
not  followed  out  the  life-history  of  the  species,  but  the  observa- 
tions made  during  1901  indicate  that  it  was  also  double-brooded 
in  Connecticut. 

It  is  an  easy  matter  to  remove  the  nests  when  small,  from 
fruit  trees,  by  cutting  off  the  ends  of  the  branches.  Even  this 
will  be  unnecessary  if  the  foliage  is  kept  well  poisoned  until 
late  in  the  season. 

COMMON  SOAP  AS  AN  INSECTICIDE. 

It  has  long  been  known  that  soap-suds  are  useful  in  destroying 
plant  lice,  and  the  housewife  as  well  as  the  gardener  and  florist 
has  used  them  on  plants  with  success.  Our  experience  with 
soap  as  an  insecticide  began  in  the  greenhouse  by  using  "Ivory" 
soap,  one-fourth  pound  dissolved  in  one  gallon  of  water,  and 
applied  to  chrysanthemums  to  kill  black  lice,  to  Ageratum  to 
destroy  Aleyrodes  or  white  fly,  to  carnations  to  kill  red  spider, 
and  to  cinerarias,  Hibiscus  and  cigar  plant  (Cuphea)  to  kill 
green  lice.  Whether  the  plants  were  dipped  or  whether  the 
suds  were  applied  as  a  spray,  they  destroyed  the  insects,  but 
some  of  the  plants  were  injured. 

The  mixture  was  then  diluted  one-half,  and  on  January  I2th 
all  the  carnation  plants  were  sprayed  to  kill  red  spider,  with 
satisfactory  results.  Wherever  the  spray  came  in  contact  with 

*  Farmers  Bulletin,  No.  99,  p.  20,  U.  S.  Department  of  Agriculture. 
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it,  red  spider  was  killed.  But  it  is  well  nigh  impossible  to 
thoroughly  cover  thick-growing  plants,  so  some  lived  to  per- 
petuate the  pest  in  the  house.  Later  the  plants  were  given  a 
careful  spraying  once  each  week,  and  red  spider  was  kept  in 
check  nicely  even  where  it  had  thoroughly  infested  the  plants. 
Lice  and  Aleyrodes  were  readily  killed  by  the  mixture,  which 
is  not  only  easily  prepared  but  lacks  the  disagreeable  odor 
peculiar  to  many  insecticides,  especially  whale-oil  soap  and 
tobacco  water. 

As  the  soap  does  not  dissolve  readily  in  cold  water,  the  best 
method  is  to  cut  the  soap  in  thin  slices  and  dissolve  in  boiling 
water,  then  add  enough  cold  water  to  make  the  right  propor- 
tions. The  mixture  thickens  to  a  jelly-like  substance  on  cool- 
ing and  must  therefore  be  applied  warm.  It  may  be  sprayed 
upon  the  plants,  or  small  potted  plants  may  be  dipped  into  a 
pailful  of  the  mixture. 

Bars  of  fresh  "Ivory"  soap  were  found  to  have  an  average 
weight,  exclusive  of  the  wrapper,  of  258  grams,  or  about  9 
ounces,  while  the  small  size  weighed  152  grams,  or  5.3  ounces. 
Thus  in  common  practice,  the  soap  need  not  be  weighed  nor  the 
water  measured,  but  half  of  a  cake  of  laundry  size  or  four- 
fifths  of  a  small-sized  cake  will  answer  for  a  pailful.  The 
common-sized  pail  holds  two  and  one-half  gallons  when  filled 
to  the  brim,  but  it  cannot  be  conveniently  carried  if  charged 
with  more  than  two  gallons. 

"Welcome"  soap  was  next  given  a  trial  and  found  to  be  fully 
as  effective  as  "Ivory"  when  dissolved  in  the  same  proportions, 
and  to  dissolve  somewhat  more  readily.  It  does  not  thicken  as 
quickly  on  cooling.  The  bar  of  laundry-size  weighs  317  grams, 
or  about  n  ounces.  One  of  these  cakes  may  therefore  be 
divided  into  three  pieces  and  each  dissolved  in  a  pail  of  water. 

The  tomato  house  has  each  winter  for  several  years  been 
infested  with  white  fly  (Aleyrodes  vaporariorum  West.)  and 
many  remedies  have  been  used,  none  of  which  have  proved  more 
effective  than  soap  and  water.  Fir-tree  oil  was  equally  so,  but 
is  too  expensive  for  general  use.  The  tomato  plants  were 
sprayed  about  every  week  for  three  months  with  "Welcome" 
soap  dissolved  in  water  at  the  rate  of  one  pound  in  8  gallons. 
The  spray  seemed  to  kill  all  larvae  and  adults  with  which  it  came 
in  contact.  During  the  operation  many  adults  fly  from  the 
plants,  but  are  hit  by  the  spray  when  in  mid-air  and  killed. 
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POPULAR  EDITION* 

OF 
BULLETIN  No.  286. 

AN  ENEMY  OF  POPLARS  AND  WILLOWS. 
F.  H.  HALL 

In  the  never-ending  contest  against  insect  foes 

~. ,  the  nurseryman  and  landscape  gardener  are  no 

more   exempt   than   men   in   other   branches   of 

TVT       v    i        agriculture  and  horticulture.     They  suffer  from 
New  York.  .        ,  Al_     £    .^  J 

many  ot  the  enemies  ot  the  iruit-grower  and  ot 

the  florist  and  have,  beside,  a  few  troublesome 
pests  of  their  own.  Among  the  latest  of  these  to  attract  atten- 
tion in  this  State  is  a  borer,  the  larva  of  a  curculio,  Crypto- 
rhynchus  lapathi,  that  injures  poplars  and  willows  both  in  the 
nursery  and  as  mature  trees. 

This  is  not  really  a  new  pest,  since  it  was  described  by  Linnaeus 
nearly  a  century  and  a  half  ago  and  has  been  noted  in  Europe  as 
a  foe  to  the  forests  for  seventy-five  years.  It  is,  though,  of  com- 
paratively recent  occurrence  in  America,  being  first  discovered 
near  New  York  City  in  1882.  It  later  became  quite  destructive 
in  some  parts  of  New  Jersey  and  Massachusetts,  but  did  little 
damage  in  western  New  York  until  about  five  years  ago. 

In  1902  some  blocks  of  poplars  and  willows  in 

Extent         nurseries  near  Rochester  were  so  badly  injured 

of  by  the  insect  that  some  of  the  growers  thought  of 

injury.         abandoning   the   culture   of   these   trees.      Since 

that  time  the  annual  loss  in  many  nurseries  has 

been  not  less  than  10  per  ct.  of  the  trees,  and  occasionally  the 

entire  planting  has  been  ruined. 

The  insect  has  spread  quite  rapidly  in  this  section  of  the  State 
because  of  the  great  number  of  lakes,  canals  and  small  streams 
that  are  everywhere  bordered  with  willows.  These  native  wil- 
lows have  often  become  so  badly  affected  that  many  of  them  will 
ultimately  die  as  a  result  of  the  injury.  From  these  trees  the 

*  This  is  a  brief  review  of  Bulletin  No.  281  of  this  Station,  on  the  Poplar 
and  Willow  Borer,  by  W.  J.  Schoene.  Any  one  interested  in  the  detailed  ac- 
count of  the  investigations  will  be  furnished,  on  application,  with  a  copy  of 
the  complete  bulletin.  The  names  of  those  who  so  request  will  be  placed  on 
the  mailing  list  to  receive  future  bulletins  of  the  Station,  popular  or  complete 
as  desired.  Bulletins  are  issued  at  irregular  intervals,  as  investigations  are 
completed,  not  monthly. 


insect  has  reached  the  ornamental  willows  in  the  cities  and  culti- 
vated willows  and  poplars  in  near-by  nurseries ;  so  that  it  is  now 
well  established  in  many  localities.  The  industry  of  growing 
poplars  and  willows  is  seriously  threatened,  as  well  as  the  useful- 
ness nnd  beauty  of  trees  already  mature. 

While  willows  and  poplars  are  not  among  the 
Willows       most  prized  of  our  trees,  they  serve  useful  purposes 
and  and  are  well  worthy  of  preservation.    The  willows 

poplars        add  much  to  the  beauty  of  our  lakes  and  streams, 
of  value.       they  make  the  best  soil  binders  for  such  situa- 
tions, and  the  ornamental  species  are  almost  in- 
dispensable in  cemeteries  and  parks.    They  have,  as  well,  no  in- 
considerable  commercial   value   in   some   sections,    where   their 
growth  for  basket  making  is  an  important  industry. 

The  poplars,  on  account  of  their  hardiness  and  rapid  growth, 
are  invaluable  as  shade  trees  in  newly  planted  suburbs ;  and  some 
kinds,  like  the  Lombardy  poplar  and  "quaking  aspen'1  fill  places 
in  landscape  gardening  for  which  there  are  no  satisfactory  sub- 
stitutes. 

The  poplar  and  willow  borer  attacks  practically 

Study         all  the  species   of  poplars,   willows   and  alders; 

of  insect       and  has  also  been  found  in  red  birch  and  dwarf 

begun.         birch.     The  importance  of  these  trees  and  the 

rapid  spread  of  the  insect  made  a  study  of  it 

necessary,  in  order,  if  possible,  to  develop  methods  for  its  control. 

From  this  study  the  life  history  of  the  beetle  has 

Life  been  worked  out  and  is  substantially  as  follows: 

stages.         While  engaged  in  its  most  destructive  work  the 

pest  is  in  its  immature,  or  larval,  stage;  and  is 

a  soft,  plump,  fleshy,  footless  grub  about  a  quarter  of  an  inch  in 

loimih  when  full  grown.     It  is  pale  yellow  in  color,  with  head 

light  brown  and  mouth  parts  dark  brown  tipped  with  black. 

This  grub  hatches  late  in  August  or  in  September  from  a  small, 

yellowish-white  egg  that  has  been  deposited  about  15  or  20  days 

before,  in  some  corky  portion  of  the  wood  near  a  bud  or  branch, 

in  the  over-growths  caused  by  pruning,  or  in  any  cut  or  break 

in  the  bark. 

The  tiny  grub  bores  into  the  stems  or  branches  and  feeds  upon 
the  tender,  succulent  tissue  just  beneath  the  bark,  the  cambium 


layer.  It  may  remain  in  one  place,  making  a  flat,  irregular- 
shaped  chamber  or  channel;  but  more  often  the  tunnel  extends 
around  the  branch  or  stem  nearly  or  quite  girdling  it.  Frequently 
stems  are  so  well  inhabited  that  they  are  fairly  honeycombed  by 
tunnels.  The  larva  works  in  the  tunnels  just  beneath  the  bark 
until  nearly  ready  to  pupate,  when  it  bores  at  an  angle  into  the 
wood  until  the  heart  is  reached.  Here  the  little  larva  turns 
head  downward  and  changes  to  a  pupa.  While  the  grub  is  tun- 
neling, the  chips,  splinters,  excrement  of  the  larva  and  the  ex- 
uded sap  of  the  tree  are  forced  out  of  the  mouth  of  the  tunnel; 
and  these  exudations  enable  the  observer  to  tell  in  which  part  of 
the  stem  the  insect  is  working.  When  the  larva  is  busy  in  the 
cambium  layer,  these  castings  are  brown  or  black  and  the  splinters 
they  contain  are  very  fine;  but  the  matter  thrown  out  when  the 
heart  wood  is  reached  is  clean,  usually  white,  and  contains  longer, 
thicker  splinters  than  that  from  the  sap  wood.  The  pupa  at 
first  differs  little  from  the  larva,  but  wings  and  legs  gradually 
develop,  and  in  about  two  weeks  the  adult  insect  emerges,  a 
beetle  very  similar  in  appearance  to  the  ordinary  plum  curculio. 
The  beetle  is  dull  black  in  color  but  marked  with  whitish  scales 
on  the  rear  third  of  the  wing  covers,  on  part  of  the  thighs  and 
beneath  the  front  part  of  the  body.  These  collections  of  scales 
give  the  appearance  of  whitish  spots  or  bands  on  these  parts  of 
the  insect.  The  beetles  are  sluggish,  walking  rather  than  running, 
and  depending  for  safety  on  the  curculio  habit  of  dropping  to. the 
ground  when  disturbed,  where  they  remain  motionless  and  with 
legs  curled  up  close  to  the  body. 

Practically  all  the  beetles  will  have  emerged  by 

Feeding       the  last  of  July,  so  they  are  most  numerous  during 

habits  of       this  month  and  August;  but  all  do  not  die  until 

beetle.        well    along    in    the    fall.      They    are    voracious 

feeders,  puncturing  the  bark  in  numerous  places 
and  eating  the  tender  tissue  beneath.  For  the  first  ten  days 
they  feed  on  the  one-year-old  branches;  and  one  observation 
seems  to  show  that  such  wood  is  a  necessity  for  them  at  this  time. 
Beetles  developed  in  a  breeding  cage,  in  which  there  was  only  the 
old  wood  from  which  they  had  emerged,  appeared  dead  after 
two  or  three  days,  but  revived  when  put  on  a  diet  of  young  twigs. 
This  is  probably  the  ripening  period  for  egg  laying  and  this  new 
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wood  may  be  a  necessity  for  egg  formation.  No  eggs  are  laid  at 
this  time,  nor  are  the  eggs  ever  laid  in  new  wood.  After  feeding 
for  ten  days  or  two  weeks  on  the  new  wood,  the  beetles  mate  and 
the  females  go  to  the  old  wood  to  deposit  their  eggs.  If  confined 
on/ young  twigs  when  it  is  time  to  lay  eggs,  the  beetles  riddle  the 
bark  with  punctures,  but  will  not  place  the  eggs  in  the  holes. 
This  peculiarity  of  the  insect  in  laying  eggs  only  in  old  wood  is 
brought  out  clearly  by  a  common  nursery  practice.  A  cutting 
of  one  year  wood  is  rooted  and  allowed  to  grow  from  one  bud. 
The  following  year  this  shoot  and  the  tap  root  are  pruned  and  the 
stock  replanted.  At  the  end  of  another  year  this  is  called  a  one- 
year-old  tree,  though  it  may  have  six  or  eight  inches  of  two-year- 
old  wood  above  ground.  If  such  trees  are  infested,  as  they 
frequently  are,  the  eggs  are  invariably  inserted  in  this  short  sec- 
tion of  old  wood. 

Since  the  larvae  spend  their  entire  lives  beneath 
How          the  bark  and  eat  parts  of  the  plant  that  we  can 
control        not  reach  with  poison,  there  is  but  little  hope  of 
the  pest.      control  through  the  use  of  such  materials.    It  was 
thought  possible  that  something  might  be  accom- 
plished by  the  use  of  contact  sprays;  so  several  applications  of 
such  sprays  were  made,  mostly  of  lime,  kerosene  and  arsenic  in 
combination.     These  were  applied  in  the  winter  in  the  hope  of 
suffocating  the  hibernating  larvae,  but  in  no  case  was  there  any 
appreciable  effect. 

Failure  of  these  remedies  leaves  but  one  thing  to  be  done 
against  the  larvae ;  that  is  to  cut  out  and  burn  the  infested  parts 
in  June,  before  the  beetles  emerge  but  while  they  are  actively  at 
work  and  reveal  their  presence  by  the  collections  at  the  mouths 
of  the  tunnels.  When  only  a  few  trees  are  infested  this  method 
is  not  difficult  to  apply  and  gives  quite  effective  control. 

The  vulnerable  point  in  the  life  history  of  the  insect  is  the  feeding 
of  the  beetles.  Since,  to  get  at  their  favorite  food,  the  cambium, 
they  must  eat  holes  in  the  bark,  the  use  of  a  coating  of  poison  upon 
the  young  twigs  promised  some  relief.  To  test  this  quite  extensive 
" laboratory "  tests  were  made,  with  excellent  results;  but  oppor- 
tunity has  not  yet  been  given  to  apply  the  same  method  in  actual 
field  work.  However,  it  seems  probable  that  the  spraying  of 
nursery  blocks  with  poison  will  be  both  effectual  and  inexpensive. 
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The  tests  made  in  1905  and  their  results  were  as 
Tests  follows:  (1)  Of  three  pairs  of  beetles  confined 
with  by  mosquito  netting  on  the  branch  of  a  poplar 

poison.  tree  that  had  been  sprayed  with  paris  green, 
all  died  within  6  days.  (2)  Eight  pairs  of  beetles 
were  confined  on  each  of  two  poplar  trees  in  a  nursery  row,  the 
tops  of  the  trees  having  been  headed  in  and  sprayed  with  arsenate 
of  lead.  In  6  days,  twenty  of  the  thirty-two  beetles  were 
dead,  and  there  was  only  a  little  puncturing  of  the  bark.  (3) 
Forty  beetles  were  similarly  confined  on  two  trees  that  had  been 
sprayed  twenty  days  before  with  arsenate  of  lead.  Though 
much  of  the  poison  had  apparently  washed  off,  all  but  one  of  the 
40  beetles  died  within  three  weeks.  (4)  As  a  check  upon  these 

periments,  26  beetles  were  confined  on  several  unsprayed  trees, 
it  was  thought  that  possibly  confinement  might  destroy  the 
eetles.  All  but  three  of  these  insects  were  alive  at  the  end  of 
nr  weeks  and  the  bark  of  each  tree  was  badly  punctured. 

Similar  tests  made  in  1906  resulted  in  the  death,  within  two 
weeks,  of  forty  beetles  confined  on  trees  sprayed  some  time  pre- 
viously; while  only  four  beetles  out  of  twenty  confined  on  an 
unsprayed  tree  died  in  that  time. 

It  was  unmistakably  the  poison  and  not  the  confinement  that 
killed  the  beetles.  But  it  was  barely  possible  that  if  not  con- 
fined the  beetles  would  avoid  the  poison  and  seek  unsprayed 
trees;  so  a  test  was  made  to  cover  this  point  also.  Fifteen  beetles 
were  placed  in  each  of  three  glass  jars,  writh  an  abundance  of 
food  in  each.  In  the  first  jar  all  the  twigs  were  sprayed  with 
poison,  in  the  second  only  half  were  sprayed  and  in  the  third 
none  were  sprayed.  The  beetles  in  the  second  jar  evidently  did 
not  avoid  the  poison;  for  all  but  one  died  within  a  week,  as  was 
the  case  with  those  in  the  first  jar.  In  the  jar  containing  un- 
sprayed twigs  thirteen  of  the  fifteen  beetles  were  alive  at  the  end 
of  the  week. 

From  these  tests  it  seems  quite  conclusively  proven  (1)  that  a 
poison  spray  mixture  remains  for  some  considerable  time  on 
nursery  poplar  trees,  (2)  that  the  beetles  feed  readily  on  such 
poisoned  trees  and  (3)  that  the  poison  is  quite  effective  against 
the  insects. 

Other  tests  and  observations  show  that  the  beetles  do  not 
travel  far  nor  leave  an  abundant  supply  of  food.  None  have  ever 
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been  seen  to  fly,  nor  were  any  of  them  caught  at  trap  lanterns  set 
in  nursery  blocks  where  they  were  numerous.  Many  marked 
beetles  were  liberated  within  fifty  yards  of  a  block  of  poplar  trees 
but  none  of  them  were  ever  found  on  the  trees. 

It  seems  convincingly  proven  that  any  successful  treatment  of 
a  nursery  block  of  trees  need  not  be  repeated  because  of  the 
migration  of  beetles  from  neighboring  blocks  that  are  one  hundred 
yards  or  more  distant. 

The  Station  would  accordingly  recommend,  ex- 
Summarized   perimentally,  the  treatment  of  poplar  and  willow 
directions  for  trees,  in  nurseries  in  localities  where  the  beetles 
treatment,      are  abundant,  with  a  poison  spray.     The  poison 

should  be  combined  with  bordeaux  mixture,  as 

• 

such  a  combination  will  protect  the  trees  against  many  fungus 
diseases  and  various  other  insects.  An  application  of  such 
a  mixture  of  bordeaux  with  3  pounds  of  arsenate  of  lead  to 
each  50  gallons  can  be  made  on  nursery  blocks  of  two-year- 
old  poplars  at  an  expense  of  one-fourth  of  a  cent  a  tree. 
The  application  should  be  made  about  July  15,  since  the 
beetles  are  most  numerous  after  that  time.  As  further  remedial 
measures,  new  blocks  of  poplar  and  willow  should  be  set  at  some 
considerable  distance,  say  one  hundred  yards,  away  from  blocks 
of  older  trees.  Nurserymen  should,  as  far  as  practicable,  dispose 
of  stock  before  it  is  three  years  old,  as  the  infestation  is  liable  to 
gain  very  rapidly  in  the  second  and  third  years.  Badly  injured 
or  unsalable  trees  and  brush  left  from  pruning  should  be  removed 
and  burned,  as  should  also  any  infested  willows  along  creeks, 
ditches  or  swampy  places  near  the  nurseries,  as  these  make  excel- 
lent breeding  grounds  for  the  pest. 

When  a  few  trees  or  a  plantation  is  slightly  infested,  the  infested 
trees  or  branches  should  be  removed  and  burned  in  June,  before 
the  beetles  emerge. 

If  willows  or  poplars  planted  for  windbreaks,  or  screens,  or 
holders  of  the  soil,  should  become  so  badly  injured  as  to  impair 
their  beauty,  it  is  advisable  to  dig  out  and  burn  the  infested  trees 
during  the  winter  or  spring,  and  to  replant  with  some  other  kind 
of  a  tree.  The  silver  maple  and  Weir's  cut-leaved  maple  are 
recommended  for  this  purpose,  as  they  are  said  to  grow  well  in 
damp  localities. 
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INSECT  INJURIES  TO  HARDWOOD  FOREST  TREES. 

By  A.  D.   HOPKINS. 
///  (  'hurt/i'  of  Forext  Inwcf  Investigations^  JHrlxion  of  Entomology. 


EXTENT  OF  DAMAGE  DETERMINED  HY  SPECIAL  INVESTIGATIONS. 

Within  recent  years  the  writer  1ms  conducted  investigations  in  the 
principal  hardwood  forests  of  the  country  for  the  purpose  of  deter- 
mining the  extent  and  character  of  damage  caused  by  insects,  and 
especially  that  which  results  in  direct  losses  to  the  owners,  manufac- 
turers, and  consumers  of  hardwood  forest  products.  This  resulted  in 
finding  that  oaks,  chestnut,  hickories,  maples,  birches,  walnuts,  cherry, 
tulip  or  yellow7  poplar,  gums,  and  others  of  our  principal  hardwood, 
or  broad-leaved,  timber  trees  are  damaged  to  a  far  greater  extent  than 
U  realized  by  the  casual  observer.  A  large  percentage  of  the  hard- 
wood timber  in  nearly  all  of  the  States  east  of  the  Rocky  Mountains 
is  affected,  and  the  average  annual  losses  from  this  source  we  would 
estimate  at  between  15  and  20  million  dollars.  There  is  not  only  a 
direct  loss  to  owners  of  forests,  and  manufacturers  and  consumers 
of  forest  products,  but  the  continued  depredation  is  contributing  to 
the  rapid  depletion  of  the  available  hardwood  timber  supply  of  the 
country. 

THE  CHARACTER  OF  INSECT  INJURIES  TO  LIVING  FOREST  TREES. 

The  character  of  insect  injuries  to  living  forest  trees  may  be  discussed 
under  two  distinct  heads: 

(1)  Injuries  which  cause  the  death  of  the  trees. 

(•2)  Injuries  to  the  wood  which  do  not  materially  affect  the  vitality- 
of  the  trees,  but  cause  serious  defects  in  the  parts  which  furnish  com- 
mercial products'. 

There  is  also  great  loss  from  insect  injuries  to  felled  timber,  saw 
logs,  round  and  square  timber,  lumber,  and  other  crude  products,  but 
the  limited  space  allotted  here  will  not  permit  a  discussion  of  this 
phase  of  the  subject. 
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INJURIES    WHICH    CAUSE    THE    DEATH    OF   TREES. 

The  principal  insect  injuries  which  result  in  the  death  of  trees  are 
burrows  through  and  beneath  the  li\7ing  bark  of  the  trunks.  There 
are  two  distinct  classes  of  these  injuries,  one  caused  by  bark-boring 
beetles,  the  other  by  bark-boring  larvae  or  grubs. 

INJURIES   BY    BARK-BEETLES. 

The  adults  of  this  class  of  enemies  bore  into  and  beneath  the  bark 
for  the  purpose  of  excavating  galleries  in  which  to  deposit  their  eggs. 
These  galleries  are  the  primary  injury  which  weakens  the  vitality  of 
the  trees,  while  the  secondary  or  larval  mines  complete  the  girdling 
process  which  kills  them. 


INJURIES    BY    BARK-BORING    GRUBS. 


This  class  of  injuries  is  caused  by  larvae  which  hatch  from  eggs 
deposited  by  the  adult  insects  in  the  outer  bark,  and  never  in  burrows 
beneath  it;  therefore  the  burrows  made  through  the  living  inner  bark 
by  the  young  not  only  cause  the  primary  injury,  but  complete  the 
girdling  process. 

The  form  of  the  barrows  or  galleries  is,  as  a  rule,  sufficient  to  iden- 
tify at  once  the  class  to  which  a  given  injury  belongs,  and  very  often 
is  sufficient  to  identify  the  insect. 

BARK-BEETLE  INJURIES  TO  HICKORY  TREES. 

Within  recent  years  the  dying  of  hickory  trees  has  attracted  consid- 
erable attention,  especially  in  the  northern  tier  of  States,  from  Wis- 
consin to  Vermont.  The  trouble  also  extends  southward  through  the 
Atlantic  and  Eastern  States  as  far  as  central  Georgia  and  westward  to 
Missouri.  Thousands  of  trees  have  died,  and  in  some  sections  nearly 
all  of  those  in  forests,  parks,  and  on  farms  have  perished.  This  is 
causing  a  serious  loss  not  only  of  a  valuable  timber  product,  but  of 
shade  trees  and  the  crop  of  nuts,  which  latter,  in  some  sections,  is  of 
considerable  importance,  both  as  a  commercial  product  and  for  home 
consumption.  This  dying  of  the  hickories  has  been  found  in  every 
case  investigated  to  be  the  result  of  injuries  to  the  buds  and  twigs  and 
to  the  bark  of  the  branches  and  trunks  by  the  hickory  bark-beetle 
(Scolylus  Jf-spinosus  Say). 


THE    HICKORY    BARK-BEETLE. 


The  hickory  bark-beetle  is  a  short,  stout,  shining  black  or  reddish- 
brown  beetle,  averaging  3.6  millimeters  (0.14  inch)  in  length.  The 
wing  covers  are  short  and  project  over  the  abdomen,  which  in  the 
males  is  excavated  beneath  and  armed  with  four  rather  prominent 
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spines,  which  suggest  its  technical  name.  It  appears  on  the  wing  from 
Mav  to  August  and  hegin>  its  attack  on  the  living  trees  at  the  base  of 
the  luuls  and  leaves,  apparently  for  the  purpose  of  obtaining  food; 
later  it  enters  the  bark  of  the  larger  branches  and  top  of  the  trunk  and 
excavates  short  longitudinal  burrows  (tig.  27,  ,/)  in  the  inner  bark  and 
surface  of  the  wood.  The  eggs,  which  are  placed  along  the  sides  of  this 
primary  gallery,  hatch  into  small  white  grubs,  or  larva?,  which  burrow 
at  right  angles  through  the  inner  bark  and  groove  the  surface  of  the 
wood  (fig.  27,  It).  The  broods  of  larva*  pass  the  winter  in  these  brood  gal- 
leries, and  the  transforma- 
tion to  the  adult  takes  place 
in  the  spring  in  the  outer 
portion  of  the  inner  bark. 
The  adults  emerge  through 
holes  in  the  outer  bark  (fig. 
2!»)  to  continue  their  dep- 
redations on  the  buds  and 
branches  of  other  trees  and 
the  remainder  of  the  trunks 
that  were  not  killed  by  the 
first  attack.  They  com- 
mence to  emerge  about 
the  middle  of  Ma}'  in  the 
latitude  of  Morgan  town, 
W.  Ya..  and  two  or  three 
weeks  later  in  the  latitude 
of  Detroit,  Mich.  Indi- 
viduals of  the  hibernating 
brood  continue  to  emerge 
until  August,  and  may  be 
found  excavating  galleries 
and  depositing  eggs  as  late 
as  September.  Thus,  they 
will  be  found  attacking 
trees  all  through  the  sum- 
mer, and  all  stages,  from 
very  young  to  matured  lar- 
va1, will  be  found  in  the  bark  at  the  commencement  of  winter.  In  the 
States  north  of  Tennessee  and  North  Carolina  there  is  evidently  but 
one  generation,  while  farther  south  there  may  be  two. 

EXTERNAL    CHARACTER     OF    THE    IN.JTKY. 

The  first  indication  of  attack  is  shown  by  the  leaves,  some  of  which 
die  and  remain  on  the  twigs,  while  others  fall  earlv  in  the  season. 
Later,  in  July  and  August,  the  larger  branches  or  the  entire  top  may 


FIG.  27.— Work  of  the  hickory  bark-beetle  on  surface  of 
wood  beneath  the  bark:  a,  primary  gallery;  b,  larval 
mines.  (Original.) 
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die,  while  the  lower  branches  and  trunk  may  remain  in  normal  health. 
Sometimes  the  entire  tree  is  killed  the  first  season,  but  more  often  the 
lower  portion  dies  from  a  subsequent  attack.  Upon  examination  there 
will  be  found  the  wounds  made  by  the  beetles  ajb  the  base  of  the  buds, 
which  cause  the  leaves  to  die  or  fall.  Upon  removing  the  bark  from 
the  dead  branches  the  characteristic  brood  galleries  will  be  found  in 


FIG.  28.— Complete  brood  galleries  of  the  hickory  bark-beetle  in  surface  of  wood.    (Original.) 

the  inner  bark  and  engraved  on  the  surface  of  the  wood  (tigs.  27  and  28). 
If  the  tree  is  infested  the  parent  beetles  will  be  found  in  the  primary 
longitudinal  galleries,  and  great  numbers  of  small,  white  grubs  in  the 
larval  burrows  in  the  bark.  If  the  broods  have  emerged,  the  bark  will 
be  found  perforated  with  numerous  small  round  holes,  as  indicated  in 
fig.  29. 
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METHOD  OK  COMBATIM;  TIIK  INSECT. 


The  fact  that  there  is  ;i  single  generation  annually,  and  that  the 
generation*  pass  the  winter  in  the  immature  stage  in  the  bark,  makes 
it  a  comparatively  easy  pest  with  which  to  deal.  It  is  only  nores>ary  to 
determine  which  trees  are  actually  infested  at  the  beginning  of  winter, 
and  to  see  that  those  are  cut  and  the  bark  burned  before  the  middle  of 
the  following  May.  If  the  greater  number  of  infested  trees  over  a 
considerable  area  are  thus  treated,  the  number  of  the  insects  will  be  so 
reduced  that  they  can  not  continue  their  destructive  depredations  on 
living  trees.  It  is  important  to  remember  that  there  is  nothing  to  be 
gained  by  cutting  and  burning  the  old 
dead  trees  after  the  insects  have  emerged, 
but  that  it  is  of  the  greatest  importance 
to  locate  all  trees  which  have  died  within 
a  year  from  the  1st  of  June  and  are 
infested,  and  that  these  be  cut  and  the 
insects  destroyed  before  the  1st  of  May 
of  the  year  following  the  death  of  the 
tree.  In  some  eases  it  will  be  advisable, 
when  the  tops  and  branches  only  are  dead 
and  infested  and  the  remainder  of  the 
tree  is  living,  to  cut  out  and  burn  the 
infested  top  and  thus  save  the  lower  part 
of  the  tree.  The  broods  can  be  de- 
stroyed without  loss  of  the  wood  by 
utilizing  it  for  fuel  within  the  time 
specified,  or,  if  it  is  desired  for  other 
purposes,  the  bark  can  be  removed  and 
burned  or  the  logs  placed  in  water  until 
the  insects  are  all  dead. 

The  practical  application  of  this  meth- 
od of  cutting  and  burning  the  infested 
trees  was  made  by  the  commissioner  of 
parks  and  boulevards  of  Detroit,  Mich., 
on  Belle  Isle  Park,  in  May,  1903.  A 
great  many  hickories  on  the  island  were 
infested,  and  all  were  threatened  with 
destruction  by  this  insect.  Upon  request  of  the  commissioner, 
addressed  to  the  Department  of  Agriculture,  investigations  were  made 
by  the  writer,  who  recommended  that  the  infested  trees  be  cut  and 
burned  before  the  broods  of  the  beetles  commenced  to  emerge.  This 
plan  was  promptly  adopted,  and  the  cutting  and  burning  of  the 
infested  trees  was  so  thorough  that  no  evidence  of  the  destructive 
work  of  the  beetle  on  the  remaining  trees  has  since  been  observed. 


FIG.  29.— Exit  holes  in  bark  of  hick- 
ory tree  from  which  broods  of  the 
hickory  bark-beetle  have  emerged. 
(Original.) 
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'    BARK-BEETLE  INJURIES  TO  OAK  TREES. 

Different  kinds  of  oaks,  of  sizes  ranging  from  a  few  inches  in 
diameter  to  large  trees,  are  frequently  found  in  the  woods  dying  or 
recently  dead,  with  no  evidence  of  external  injury.  If,  upon  remov- 
ing the  bark  from  a  place  on  the  trunk  some  4  or  5  feet  above  the 
base  of  one  of  these  trees,  the  inner  surface  is  found  to  be  grooved 
with  great  numbers  of  minute  transverse  burrows,  similar  to  fig.  30,  &, 

which  are  also  faintly  marked  on 
the  surface  of  the  wood,  it  is  the 
work  of  the  oak-destroying  bark- 
beetle  (Pityophthorus  pruinosus 
Eichh.). 

This  is  an  exceedingly  small 
dark-brown  or  nearly  black  beetle, 
less  than  2  millimeters  (0.08  of  an 
inch)  in  length,  which,  notwith- 
standing its  small  size,  sometimes 
occurs  in  such  vast  numbers  that 
large  oak  trees  are  attacked  and 
.killed  by  it  in  a  few  weeks.  It 
passes  the  winter  in  the  adult  and 
larval  stage  in  the  inner  bark  of 
trees  and  limbs  where  it  bred  the 
previous  summer.  It  commences 
to  fly  early  in  the  spring,  and  pre 
fers  to  enter  the  bark  of  trees  re- 
cently felled  or  injured  by  storm 
or  other  causes.  It  also  enters  the 
bark  of  large  and  small  branches 
recently  broken  or  cut  from  living 
trees.  In  the  inner  bark  of  these 
the  parent  adults  excavate  short 
double  transverse  primary  galle- 
ries, from  which  the  broods  of 

FIG.  30.-Brood  galleries  of  the  oak  bark-beetle,     }TOUng    larV86  eXCRVate    long    lateral 
showing  character  of  primary  gallery  at  b;     mines      (fig.      30),      Up     and      down, 

larval  or  brood  mines  at  a.  .  ,      . . 

through  the  inner  bark,  and  folio  #- 

ing  the  bark  fibers  in  such  a  way  that  they  are  difficult  to  recognize. 
Enormous  numbers  of  these  brood  galleries  are  often  found  within  a 
small  area  of  bark.  When  a  large  number  of  trees  and  branches  are 
infested  the  swarms  of  beetles  of  the  first  generation  will  emerge  later  in 
the  summer,  and  if  they  fail  to  find  sufficient  felled  and  injured  trees  in 
the  right  condition  to  attract  them,  they  will  concentrate  their  attack  on  a 
few  living  trees,  which  soon  perish.  The  leaves  of  such  trees  will  first 
fade,  then  turn  brown,  and  remain  on  the  branches  until  the  next  spring. 
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If  the  trees  die  lute  in  the  Miimner  the  broods  of  the  beetles  will 
remain  in  the  bark  over  winter,  and  can  easily  be  destroyed  by  felling 
the  tree>.  removing  the  bark  from  the  trunks,  and  burning  the 
branches.  The  removal  of  the  bark  in  the  winter  is  sullicient  to  kill 
the  broods,  but  it  is  easier  to  burn  the  branches  than  to  remove  the 
bark  from  them.  This  work  can  be  done  at  any  time  between 
September  and  the  following  March.  If  the  trees  die  earlier  in  the 


FIG.  31.— Brood  galleries  of  the  cherry  bark-beetle,  showing  character 
of  primary  galleries  and  larval  mines.     (Original.) 

season  it  will  be  best  to  fell  them  and  treat  as  above  as  soon  u<  the 
leaves  commence  to  die,  in  order  to  prevent  the  development  and 
emerging  of  a  possible  second  generation  before  winter. 

It  is  also  important,  especially  in  farmers1  woodlots,  to  have  all  tops 
and  branches  from  oak  trees  felled  during  the  winter,  piled  and 
burned  between  the  1st  of  May  and  the  1st  of  June.  This  will  allow 
the  spring  brood  to  commence  operations  in  the  bark  of  such  material 
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before  it  is  burned.  All  infested  tops  and  branches  of  summer  cuttings 
should  be  destroyed,  and  the  bark  removed  from  infested  logs  dur- 
ing the  winter.  Therefore,  clean  forest  management  and  the  prompt 
felling  and  removal  of  the  bark  from  dying  trees  will  serve  to  prevent 
serious  harm  from  this  insect. 

BARK-BEETLE  INJURIES  TO  OTHER  TREES. 

The  wild  cherry  is  sometimes  killed  or  seriously  injured  by  the 
cherry  bark-beetle  (Phlceophthwus  limitiaris  Harris),  but  this  insect 
rarely  attacks  perfectly  healthy  trees,  although  it  is  capable  of  doing 
so.  The  ornamental  double  transverse  gallery  of  this  beetle  in  the 
inner  bark  and  grooves  of  the  surface  of  the  wood  will  be  easily 
recognized  by  the  characteristic  form,  as  shown  in  fig.  31,  although 
they  are  seldom  found  so  perfect. 

The  paper  birch  and  other  birches  of  the  north  woods  and  higher 

Allegheny  Moun- 
tains are  sometimes 
killed  by  the  birch 
bark-beetle  (Dryo- 
c&tes  eickhoffi 
Hopk.).  Trees 
slightly  injured  b}^ 
fire,  which  would 
otherwise  recover, 
often  die  from  the 
attack  of  this  insect, 
yet  in  such  trees 
they  breed  in  such 

FIG.  32.— Work  of  the  birch  bark-beetle:  primary  galleries  and  larval    numbers  as  to  attack 
mines  in  bark.     (Original.) 

living  ones  and  kill 

them.  The  galleries  made  by  this  beetle  and  its  larvse  in  the  inner 
bark  (fig.  3:2)  differ  from  the  preceding  in  having  no  regular  form,  but 
penetrate  in  all  directions  from  the  main  entrance  and  the  irregular 
primary  galleries. 

The  hackberry  bark-beetle  (ftcolytus  muticus  Say),  the  elm  bark- 
beetle  (Ilylastinm  rufipes  Eichh.),  the  mulberry  bark-beetle  (Phlwopk- 
thorusfrontaUs  Oliv.),  the  ash  bark-beetle  (Meliobius  aculeatus  Say— 
fig.  33),  and  a  number  of  others  of  this  class  of  beetles,  are  sometimes 
quite  injurious,  but  more  often  are  secondary  enemies  which  attack 
only  injured  trees  and  prevent  their  recovery. 

OAKS,  CHESTNUT,  BIRCHES,  AND  POPLARS  KILLED  BY  BARK-BORING  GRUBS. 

There  has  been  a  great  mortality  among  the  oaks  and  chestnut  of 
the  Appalachian  region  which  has  been  going  on  for  many  years.  No 
such  large  bodies  of  timber  have  been  killed  in  any  one  year  as  to 
attract  special  attention,  but  scattering  trees  all  through  the  forest  die 
every  year.  In  some  of  the  southern  sections  nearly  all  of  the  larger 
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chestnut  trees  on  thousands  of  square  miles  have  died,  and  in  other 
sections  the  oaks  have  died  to  an  alarming  extent. 

Upon  investigation  in  different  sections  of  the  country  it  was  found 
that  the  oak-destroying  bark-borer,  or  two-lined  chestnut  borer 
(Ayrthi*  !><r< n«ti<ix  \Veb.),  is  directly  associated  with  the  causes  of  the 
death  of  the  trees. 

The  adult  of  this  destructive  enemy  of  the  oak  and  chestnut  is  a 
slender  blue-black  beetle  with  a  faint  yellow  line  along  the  middle  of 
each  wing  cover.  The  larva  is  a  long,  slender,  flat-headed  grub,  which, 
upon  hatching  from  the  egg  deposited  in  the  outer  bark,  burrows  in 
the  inner  bark,  through  which  it  extends  long  tortuous  or  zigzag 
mines  (PL  XXXIX.  tig.  1).  When  it  occurs  in  numbers  in  a  tree  the 
inner  bark  is  killed  and  the  tree  rapidly  dies.  The  leaves  first  fade, 
and  then  dry  up  and  re- 
main on  the  twigs  for 
some  weeks  or  months 
afterwards.  The  insect 
passes  the  winter  in  the 
larval  stage  in  the  outer 
portion  of  the  inner  bark, 
where  in  the  spring  it 
transforms  to  the  adult. 
The  beetles  commence  to 
emerge  in  May  and  June. 
They  deposit  their  eggs 
in  the  outer  bark  of  liv- 
ing trees,  on  stumps  of 
recently  felled  oak  and 
chestnut,  in  trees  struck 
by  lightning  or  injured 
from  other  causes.  They 
breed  in  great  numbers  in  the  bark  of  stumps  and  injured  trees,  and 
by  this  means  are  enabled  to  multiply  sufficiently  to  attack  and  kill 
living  trees. 

METHODS   OF   CONTROL. 

There  is  evidently  only  a  single  generation  of  this  insect  annually, 
and  this  fact,  together  with  its  habit  of  breeding  in  the  bark  of  stumps 
and  injured  trees,  and  in  those  killed  by  it,  together  with  its  habit  of 
transforming  in  the  outer  bark,  suggests  a  practical  method  of  control. 
All  infested  stumps  and  dying  and  recently  dead  trees  should  be  located 
before  the  beginning  of  winter,  or  by  the  1st  of  November,  in  order 
that  the  infested  bark  ma}7  be  removed  from  the  trunks  and  stumps 
and  burned  before  the  1st  of  April. 

Yees    struck    by   lightning  in   May   and   June   furnish   favorable 


FIG.  33.— Brood  galleries  of  the  ash  bark-beetle  in  surface 
of  ash  wood.     (Original. ) 
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conditions  for  the  multiplication  and  destructive  ravages  of  the  two- 
lined  chestnut  borer;  therefore  all  such  trees,  together  with  those  dying 
from  insect  attack,  should  be  felled  during  the  summer  or  the  winter 
following,  and  the  bark  removed  and  burned.  Very  often  such  trees 
can  be  utilized  for  fuel,  so  that  nothing  is  lost  in  the  operation. 

The  birches,  aspens,  cottonwoods,  and  balm-of-gileads  are  killed  or 
seriously  injured  by  other  species  of  Agrilus,  which  have  habits  similar 
to  those  of  the  oak-destroying  bark-borer,  hence  require  the  same 
treatment. 

The  work  of  these  insects  has  been  observed  in  the  birches,  aspens, 


a,  ~b 

FIG.  34. — Mines  of  a  destructive  bark-borer:  a,  healed-over  mine  in  cotton  wood;  b,  mine  grooved  in 

surface  of  wood.     (Original.) 

and  cottonwoods   from   Maine   to    West  Virginia,  and   westward  to 
northern  Idaho  and  northern  New  Mexico. 

The  curious  embossed  effect  on  the  surface  of  the  wood  (fig.  34,  #),  on 
trees  which  have  been  infested  or  killed  by  one  of  these  bark-borers, 
is  the  result  of  healed-over  grooves  made  by  the  Iarva3  in  the  outer 
layers  of  wood  beneath  the  bark  (fig.  34,  b)  when  the  trees  were  living 
and  growing.  Therefore,  these  healed  wounds  furnish  conclusive 
evidence  that  the  trees  are  attacked  while  living.  The  long  winding 
burrows  beneath  the  bark,  as  shown  in  PI.  XXXIX,  fig.  2,  show  how 
the  trees  are  easily  girdled  and  killed  when  thickly  infested. 
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INSECT    INJURIES    TO    THE    AVOOD    OF    LIVING    TREES. 

The  class  of  injuries  to  the  wood  of  living  trees  known  as  pinholes 
and  wormholes  cause  an  enormous  loss  of  the  best  hardwood  timber. 
Indeed  the  loss  from  this  cause  is  perhaps  far  greater  in  the  aggregate 
than  that  resulting  from  the  work  of  the  bark-borers  alread\T  men- 
tioned. Trees  dying  or  dead  from  the  work  of  bark-borers  are  con- 
spicuous and  thus  attract  attention,  while  that  of  the  wood-borers  is 
obscure  and  seldom  noticed  until  the  trees  are  closely  examined  or 
felled.  Indeed,  hundreds  of  generations  of  one  of  this  class  of  enemies 
may  breed  in  and  emerge  from  a  tree  during  its  life,  and  the  heartwood 
of  the  trunk  be  rendered  worthless  for  commercial  purposes,  yet  the 
tree  may  continue  to  live  and  grow  and  show  little  or  no  outward 
indication  of  damage. 

PINHOLE  INJURIES  IN  OAK  AVooo. 

One  of  the  most  destructive  of  this  class  of  enemies  of  hardwood 
forest  trees  is  the  oak  timber-worm  (Eupsalis  minuta).  This  is  a 

slender  whitish  worm,  or  grub,  full-grown       

examples  of  which  are  less  than  an  inch  long 
and  one-sixteenth  of  an  inch  or  less  in 
diameter  toward  the  middle  of  the  body, 
while  the  segments  toward  the  head  are 
enlarged  to  twice  this  diameter.  The  adult 
is  a  slender  reddish  snout-beetle,  with  black 
markings,  varying  in  length  from  10  to  15 
millimeters  (0.4  to  0.6  inch).  The  beetles 
appear  on  the  wing  in  April  and  May,  and 
are  found  through  the  spring  and  summer 
months  on  or  about  fresh  or  old  wounds  on 
living  trees.  They  deposit  their  eggs  in  the 
surface  and  edges  of  these  wounds,  and  the 
minute  young  larvae  bore,  at  first,  almost 
invisible  holes  directly  into  the  wood. 
These  burrows  are  enlarged  and  extended 
in  all  directions  through  the  heartwood  until 
the  larvae  have  attained  their  full  growth. 
They  then  transform  to  adults  within  their 
burrows,  to  emerge  the  next  spring  or  summer  and  repeat  the  process  in 
the  same  wounds,  or  in  the  wood  of  dead  standing  trees  and  the  stumps 
and  logs  of  felled  ones.  Thus,  an  ax  wound  in  the  side  of  a  large, 
sound,  and  healthy  tree  may  result  in  an  attack  by  this  insect,  and  in 
a  few  years  the  entire  keartwood  of  3  or  4  feet  of  the  trunk  is  perfo- 
rated with  the  so-called  pinhole  defects  (fig.  35).  Slight  wounds  by  light- 
ning may,  in  a  like  manner,  result  in  the  wood  of  the  entire  trunk 

ing  thus  rendered  worthless  for  stave  timber  or  first-class  lumber. 


FIG.  35.— Pinholes  in  oak— work 
of  the  oak  timber  -  worm. 
(Adapted  from  author's  illus- 
tration.) 
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FIG.  36. — Wormholes  in  chestnut — work 
of  the  chestnut  timber- worm.  ( Adapt- 
ed from  author's  illustration.) 


This  insect  breeds  in  great  numbers  in  the  trunks  of  old  dead  trees 

and  in  the  stumps  and  logs  of  felled  ones,  and  is  ever  ready  to  attack 

living  trees  wherever  a  slight  wound  in 
the  bark  offers  an  opportunity.  It  will 
also  attack  f  reshly  split  stave  bolts,  heavy 
unseasoned  lumber,  squared  timber,  and 
the  like,  and  cause  serious  damage. 

The  losses  occasioned  by  the  oak  timber- 
worm  are  enormous.  The  finest  old  trees 
of  the  forest  are  often  found  by  the  lum- 
bermen so  injured  that  they  are  either 
left  standing  or  after  being  felled  are  left 
in  the  woods.  Saw  logs  which  appear  to 
be  sound  at  the  ends  are  often  found  so 
damaged  in  the  middle  that  they  must  be 
discarded  or  worked  into  cheap  lumber 
and  culls.  Therefore,  the  losses  fall  on 
the  owner  of  the  forest  and  the  manufac- 
turer of  the  crude  products,  while  the 
consumer  loses  in  the  extra  high  prices 
he  must  pay  for  clear  lumber.  Nothing 

can  be  done  toward  remedying  the  damage  already  done  to  standing 

and  felled  timber,  but  the  insect's  habit 

of  breeding  in  dead  standing  and  felled 

oak  trees  and  old  logs  in  the  forests  and 

of   entering  ax   and   other  wounds  in 

living  trees,  suggests  the  importance  of 

clearing  out  and  burning  all  such  waste 

material  whenever  practicable,  and  of 

avoiding  as  far  as  possible  all  unneces- 
sary wounds  to  living  trees.     Indeed, 

the  disposal  of   all  prolific  sources  of 

trouble  from  this  insect  will  always  be 

an  important  feature   in  the  manage- 
ment of   American  hardwood   forests 

and  farmers'  woodlots. 

PlNHOLE  AND  WoRMHOLE  INJURIES  TO  CHESTNUT 
WOOD. 

Wormholes  in  chestnut  wood  are  such 
a  common  defect  that  no  one  who  has 
had  anything  to  do  with  this  kind  of 
wood  can  have  failed  to  notice  them. 
Indeed,  scarcely  a  chestnut  tree  of  any 
size  can  be  found  in  the  Eastern  hardwood  forests  the  wood  of  which 
does  not  show  more  or  less  injury  of  this  kind,  while  that  of  nearly 


FIG.  37. — Wormholes  in  red  oak — work 
of  the  oak  carpenter-worm.  (Adapted 
from  photograph.) 
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all  old  trees  is  thickly  perforated.     This  common  defect  (see  fig.  36) 
is  the  work  of  the  chestnut  timber- worm  (Lymexylon  sericeum  Harr.). 

CHARACTERISTICS   OF   THE   CHESTNUT   TIMBER-WORM. 

The  chestnut  timber-worm  is  a  curious,  yellowish-white,  slender 
larva,  full-thrown  examples  of  which  are  about  an  inch  long.  It  has  a 
hood-like  enlargement  just  back  of  the  head,  and  the  opposite  end  of 
the  body  is  armed  with  a  horny,  dark-brown,  gouge-like  segment,  with 
toothed  edges.  The  adult  is  a  dark-brown,  elongate,  subcylindrical 
beetle,  densely  clothed 
with  tine  silky  hairs.  In- 
dividuals vary  from  10  to 
15  millimeters  (0.4  to  0.6 
inch)  in  length. 

The  habits  of  this  insect 
are  quite  similar  to  those 
of  the  oak  timber-worm  in 
breeding  in  the  wood  of 
dead  and  felled  trees  and 
infesting  wounds  in  the 
wood  of  living  ones.  It 
also  enters  the  living  trees 
at  the  base  of  dead  or  bro- 
ken limbs,  and  through 
small  or  large  knot  holes 
in  the  trunk.  Very  little 
is  known  of  the  life  his- 
tory except  that  the  adults 
develop  and  emerge  about 
the  time  the  chestnut  is  in 
bloom.  It  is  probable  that 
the  larva  lives  several 
j^ears  in  its  burrow  before 
transforming  to  the  adult, 
which  would  account  in 
part  for  the  scarcity  of  the 
insects  in  collections.  The  common  occurrence  of  its  work  is  explained 
by  the  fact  that  the  holes  in  the  wood  of  old  trees  may  represent  the 
work  of  many  generations  during  two  or  three  centuries. 

METHODS   OF    PREVENTING    LOSSES. 

In  addition  to  clean  forest  management  and  other  methods  of  combating 
the  oak  timber- worm,  which  are  just  as  applicable  to  this  pest,  it  is  impor- 
tant to  clean  out  the  old  trees  and  encourage  the  growth  of  thrifty  }roung 
ones,  which  are  less  liable  to  attack,  and  to  cut  these  for  poles  or  lum- 

rn  as  they  reach  a  sufficient  diameter  to  be  profitably  handled. 
,_04 2 


FIG.  38.— Work  of  the  Columbian  timber-beetle:  Black  holes 
and  "grease  spots"  in  white  oak.    (Original.) 
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The  extensive  development  within  recent  }^ears  of  the  industry  of 
manufacturing  tannin  extract  from  chestnut  wood  has  made  a  market 


FIG.  39.— Work  of  the  Columbian  timber-beetle:   "Steamboats"  in  quartered  or  split  white  oak. 
(Adapted  from  author's  illustration.) 

for  a  large  quantity  of  "wormy"  chestnut  wood  in  some  sections  of 
the  country.  Indeed,  it  is  said  that  the  wood  which  is  badly  perfo- 
rated with  the  wormholes  is  just 
as  good  for  the  purpose  as  the 
uninjured,  if  not  better. 

CARPENTER-WORM  INJURIES  TO  OAK 
AND  LOCUST. 

The  very  large  oblong  worm- 
holes  (fig.  37)  commonly  met 
with  in  the  heartwood  of  red 
oak  and  other  oak  trees,  and 
also  in  that  of  the  black  or  }^el- 
low  locust,  is  usually  the  work 
of  the  so-called  carpenter  worm 
(Prionoxystm  robinise  Peck). 
The  larvse  are  large  white  and 
pink  caterpillars  which  hatch 
from  eggs  deposited  by  stout- 
bodied,  short-winged,  gray 
moths.  The  caterpillars  often 
attain  a  length  of  3  inches  and 
a  diameter  of  over  half  an 
inch.  The  holes  made  by  them 
through  the  heartwood  of  the 
best  part  of  the  trunk  are  some- 
times li  inches  in  diameter  one 
way  by  three-fourths  of  an  inch 
the  other,  thus  causing  serious 
damage  to  the  wood.  These, 
with  other  large  wood-boring 
grubs  of  beetles,  sometimes 
infest  the  top  part  of  the  trunk 
and  larger  branches  of  oak  trees,  where  their  continued  work  results 
first  in  the  dead  and  so-called  "stag-horn"  top,  and  subsequently  in 


m 


ict.  40.— Work  of  the  Columbian  timber-beetle  in 
tulip  wood— "calico  poplar."  (Original  from 
photograph.) 
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broken,  decayed,  and  worthless  trunks.  The  great  number  of  "stag- 
horn  "  tops  of  the  older  oak  trees  in  our  forests  everywhere  give  evi- 
dence of  the  destructive  work  of  this  class  of  heartwood  borers. 

METHODS    OF    CONTROL. 

The  only  method  we  have  to  suggest  for  combating  this  insect  is  to 
fell  and  utilize  all  matured  timber  that  shows  the  slightest  indication 
of  diseased  conditions  of  the  top,  and  clean  up  and  burn  such  parts  as 
show  evidence  of  being  infested. 

WORK  OF  THE   COLUMBIAN  TIMBER-BEETLE. 

One  of  the  commonest  wormhole  defects  in  white  oak,  rock  oak, 
beech,  and  tulip  ("  whitewood"  or  "  yellow  poplar")  is  one  known  to, 
the  lumber  trade  as  grease 
spots,  patch-worm,  or  black 
holes  (fig,  38),  steamboats 
(tig.  39),  etc.,  caused  by  the 
Columbian  timber -bee  tie 
( ( 'ortkylw  Columbian  us 
Hopk.). 

CHARACTER   OF   THE    WORK. 

The  characteristic  features 
of  the  wormhole  defect, 
which  will  enable  it  to  be 
readily  recognized  in  oak 
and  beech,  are  transverse 
MM-ies  of  two  or  more  black 
holes  about  the  size  of  the 

lead  in  an  ordinary  lead  pen-  FlG-  41-~ Work  of  Columbian  timber-beetle:  End  of  log, 

i   "   4.           .        -,  showing   evidence  of   serious   damage,  and  how   the 

reak  Ot    Stained  brood  galleries  made  in  the  sapwood  are  covered  by 

WOod      extending     with      the  subsequent  growths  of  wood.     (Adapted  from  author's 

_.  illustration.) 

gram  2  or  3  or  more  inches 

each  side  (as  in  fig.  38).  In  quarter-sawed  oak  or  split  or  sawed 
staves,  a  short  longitudinal  section  of  one  of  these  black  holes  is  seen 
attended  by  the  stained  streak  on  one  side  of  a  thick  or  curly  growth 
or  grain  (fig.  39).  It  is  this  form  which  is  called  steamboats.  In 
whitewood  or  yellow  poplar  the  black  holes  are  attended  by  very  long 
black,  greenish,  or  bluish  streaks,  sometimes  5  or  6  feet  long.  When 
this  is  common  in  the  lumber  it  is  called  calico  poplar.  Fig.  40  rep- 
resents the  characteristic  appearance  of  this  defect  greatly  reduced. 
The  appearance  of  the  defect  in  the  end  of  a  log  is  represented  in 
fig.  41,  and  in  the  sapwood  of  a  living  tree  in  fig.  42. 
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The  beetle  which  is  responsible  for  this  defect  and  the  resulting 
losses  to  the  lumber  interests  of  this  country,  amounting  to  millions 

of  dollars,  attacks  the  sapwood  of  the  young, 
living,  healthy  tree,  in  which  the  adults 
excavate  their  brood  galleries  (fig.  43)  and 
deposit  their  eggs.  These  hatch  and  de- 
velop into  beetles,  and  emerge  within  one 
year.  The  next  year  the  operation  is  re- 
peated in  another  place  in  the  same  tree, 
and  so  on  for  hundreds  of  years,  or  as  long 
as  the  tree  lives,  so  that  the  galleries  exca- 
vated in  different  years  and  periods  occupy 
their  respective  positions  in  the  heartwood 
and  sapwood  of  the  full-grown  and  old  tree, 
as  shown  in  tig.  41. 

Nearly  all  the  damage  by  this  insect,  as 
affecting  the   best  part  of   the  trees,  was 
done   50,   100,  200,   or,   in    some   cases,   as 
noted  in  an  old  tulip  tree,  over  400  years 
ago.     The  age  of  each  gallery  observed  in 
the  end  of  the  log  is  easily  determined  by 
counting   the  number  of   annual   layers  of 
r-  wood  between  the  old  healed-over  entrance 
beetle  in  sapwood  of  living  tree,  to  the  galleries  and  the  bark. 

(Original  from  photograph.)  .  .  .,     . 

Within  recent  years,  examples  of  the  spe 
cies  which  do  this  work  have  been 
exceedingly  scarce;  consequently 
but  little  evidence  of  its  work  can 
now  be  found  in  the  sapwood  and 
outer  heartwood  of  living  trees. 
Therefore,  there  is  no  remedy  for 
the  old  work,  and  probably  no 
need  of  trying  to  combat  an  in- 
sect which  is  apparently  becoming 
extinct. 

a  Case  Of    this    kind    is    to   fell    and         B,  sapwood;  C,  heartwood;  a-6,  brood  cham- 
,.,.  ,,        i  i  ,,  ber.    (Adapted  from  author's  illustration.) 

utilize  to  the  best  advantage  the 

injured  trees,  and  thus  give  the  younger  uninjured  trees  a  better 

opportunity  for  rapid  growth. 


The  onlv  thine-  to  do  in    FIG>  43--Brood  *aller>'  of  Columbian  timber- 

IU.>    l  beetle  in  sapwood  of  white  oak:  A,  inner  bark; 
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SIR:  I  have  the  honor  to  transmit  herewith  a  copy  of  an  article 
contributed  by  me  to  the  Yearbook  for  1895,  entitled  "The  shade- 
tree  insect  problem  in  the  Eastern  United  States."  I  have  found  the 
reprints  of  this  article  of  great  use  in  correspondence,  and  as  the 
edition  is  exhausted,  I  recommend  that  it  be  republished,  under  the 
title  Three  Insect  Enemies  of  Shade  Trees,  as  a  Farmers'  Bulletin.  I 
have  in  preparation  a  more  extended  bulletin  on  the  subject  of  shade- 
tree  insects,  but  in  the  interval  which  will  elapse  before  it  is  completed 
the  Farmers'  Bulletin  reprint  of  the  Yearbook  article  will  be  of  service. 
Kespectfully, 

L.  O.  HOWARD, 

Entomologist 
Hon.  JAMES  WILSON, 

Secretary  of  Agriculture. 
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THREE  INSECT  ENEMIES  OF  SHADE  TREES. 


The  space  at  command  will  not  admit  of  a  full  treatment  of  the 
problem  outlined  in  the  [original]  title  of  this  article,  and  the  writer 
has  therefore  brought  together  at  this  time  some  account  of  three  species 
which  are  perhaps  the  most  destructive  among  shade-tree  insects,  or 
which,  at  all  events,  have  attracted  the  greatest  attention  during  the 
past  season.  To  this  he  has  added  a  brief  consideration  of  the  relative 
immunity  of  shade  trees  from  insect  attack,  and  some  remarks  on  the 
subject  of  general  work  against  shade-tree  insects  in  cities  and  towns. 

One  of  the  most  striking  features  of  the  summer  of  1895  has  been 
the  great  abundance  in  many  Eastern  cities  of  several  species  of  insects 


FIG.  1. — Bagworm   (Thyridopteryx   ephemercpformis) .      a,   larva;    6,   head  of   same;    c,  male  pupa; 
d,  female  pupa;  e,  adult  female;  /,  adult  male — all  enlarged  (original). 

which  attack  shade  trees.  In  almost  every  low-lying  town  from  Char- 
lotte, N.  C.,  north  to  Albany,  N.  Y.,  the  elm  leaf-beetle  has  defoliated 
the  English  elms  and,  in  many  cases,  the  American  elms.  In  certain 
directions  this  insect  has  also  extended  its  northern  range,  notably  up 
the  Connecticut  Eiver  Valley.  The  authorities  in  a  number  of  Eastern 
cities  have  taken  the  alarm,  and  active  remedial  work  will  be  instituted 
during  the  coming  season.  In  cities  south  of  New  York  the  bagworm 
has  been  gradually  increasing  for  a  number  of  years  until  it  has 
become  a  serious  enemy  to  shade  and  ornamental  trees  for  almost  the 
first  time  since  1879  or  1880  (figs.  1  and  2).  The  white-marked  tussock 
moth,  the  caterpillar  of  which  has  been  for  many  years  the  most  seri- 

|ftlis  of  the  shade- tree  pests  in  Philadelphia,  New  York,  Brooklyn,  and 
oston,in  1895,  for  the  first  time  within  the  recollection  of  the  writer, 
' 


appeared  in  such  numbers  as  to  become  of  great  importance  in  more 
southern  cities,  as  Baltimore  and  Washington.  The  fall  webworm 
(figs.  9,  10,  and  11)  was  more  abundant  in  Washington  and  the  sur- 
rounding country  than  it  has  been  since  the  summer  of  188G. 

These  four  insects  are  the  principal  shade-tree  defoliators  in  the 
Eastern  States,  if  we  except  the  imported  gypsy  moth,  which  is  at 
present  fortunately  confined  to  the  immediate  vicinity  of  Boston,  and 
is  being  cared  for  by  a  thoroughly  capable  State  commission.  While 
the  summer  of  1895  may  with  justice  be  called  an  exceptional  one  as 
regards  the  great  increase  of  numbers,  yet  these  insects  are  always 
present  and  do  a  certain  amount  of  damage  each  season,  and,  when  an 
exceptional  season  comes,  as  it  did  in  1895,  city  authorities  seldom  find 

themselves  prepared 
to  engage  in  an  in- 
telligent and  compre- 
hensive fight. 

In  crties  farther 
west  other  leaf-feed- 
ers take  the  place  of 
those  just  mentioned. 
The  principal  ones 
are,  perhaps,  the  oak 
Edema,  the  cotton  - 
wood  leaf  beetle,  and 
the  green-striped  ma- 
ple worm. 

Several  scale  in- 
sects or  bark  lice  are 
occasionally  serious 
enemies  to  shade  trees. 
Maples  suffer  espe- 
cially from  their  at- 
tacks. The  cottony 
maple  scale  is  found  everywhere  on  all  varieties  of  maple,  and  occasion- 
ally in  excessive  abundance.  The  cottony  maple  leaf  scale,  a  species 
imported  from  Europe,  is  rapidly  gaining  in  importance,  and  in  several 
New  England  towns  it  has,  during  the  past  season,  seriously  reduced  the 
vitality  of  many  trees.  The  so-called  "  gloomy  scale"  has  long  been  on 
the  increase  in  Washington,  D.  C.,  and  every  year  it  kills  large  branches 
and  even  entire  trees  of  the  silver  maples,  which  are  so  extensively 
grown  along  the  streets  of  that  city. 

Certain  borers  are  also  occasionally  destructive  to  many  shade  trees, 
and,  in  fact,  in  the  northern  tier  of  States  these  are  the  most  important 
of  the  shade- tree  enemies,  the  principal  leaf  feeders  being  either  absent 
or  becoming  single  brooded.  Where  absent  their  places  are  taken  by 
less  destructive  species. 


Fio.  2.— Bagworm  at  (a,  b,  c)  successive  stages  of  growth,     c,  male 
bag;  d,  female  bag — natural  size  (original). 


Iii  fact,  it  is  sate  to  say  that  shade  trees  suffer  especially  from  insect 
attack  throughout  the  region  of  country  which  is  contained  in  the 
rpper  Austral  life  zone.1 

Concerning  the  borers,  it  may  be  briefly  said  that  these  insects 
rarely  attack  vigorous  and  healthy  trees,  but  should  a  shade  tree  lose 
its  health  through  the  attacks  of  scale  iusects,  through  rapid  defolia- 
tion by  leaf  feeders,  or  through  a  leaky  gas  main  or  sewer  pipe,  differ- 
ent species  of  borers  will  at  once  attack  and  destroy  it.  There  is  one 
particular  exception  to  this  rule,  and  that  is  the  European  leopard 
moth,  a  most  destructive  species,  which  is  at  present  of  very  limited 
range  and  confined  to  the  immediate  vicinity  of  New  York  City.  No 
certain  information  is  at  hand  which  indicates  that  it  has  spread  for 
more  than  50  miles  from  the  center  of  introduction.  This  insect  attacks 
healthy  trees,  boring  into  the  trunks  of  the  younger  ones  and  into  the 
branches  and  smaller  limbs  of  many  shade  and  fruit  trees.  It  is  an 
extremely  difficult  species  to  fight,  and  it  is  fortunate  that  its  spread 
is  not  more  rapid. 

THE   IMPORTED   ELM  LEAF-BEETLE. 

(dalerucella  luteola  Miill.) 

Original  home  and  present  distribution. — The  imported  elm  leaf-beetle 
(tig.  «'))  is  a  native  of  southern  Europe  and  the  Mediterranean  islands. 
It  is  abundant  and  destructive  in  the  southern  parts  of  France  and 
Germany,  and  in  Italy  and  Austria.  This  beetle  is  found,  though 
rarely,  in  England,  Sweden,  and  north  Germany,  and  gradually  be- 
comes less  numerous  and  destructive  toward  the  north.  In  middle 
Germany  it  is  common,  though  not  especially  destructive.  As  early 
as  1837  it  was  imported  into  the  United  States  at  Baltimore,  and  is 
now  found  as  far  south  as  Charlotte,  N.  C.  From  this  point  it  ranges 
northward  in  the  Atlantic  cities  as  far  as  Providence,  R.  I.  Inland  it 
has  not  passed  the  barrier  of  the  Appalachian  chain  of  mountains,  and 
is  practically  confined  to  the  Upper  Austral  region,  as  indicated  in  the 
map  on  page  210  of  the  Yearbook  for  1894.  Thus,  up  the  Hudson 
Elver  it  has  spread  to  Albany,  N.  Y.,  but  on  either  side  of  the  river, 
as  the  land  rises  into  the  foothills,  it  has  stopped.  In  the  same  way 
it  has  more  recently  spread  up  the  Connecticut  River  Valley  to  a  point 
north  of  the  New  Hampshire  State  line,  and  also,  to  a  less  extent,  up 
the  Ilousatonic  Valley.  From  our  present  knowledge  it  seems  likely 
that  its  future  spread  as  an  especially  destructive  species  will  be  lim- 
ited by  the  northern  border  of  the  Upper  Austral  region,  and  that  (as 
may  happen  at  any  time)  should  it  once  be  carried  by  railway  train 
across  the  southern  extension  of  the  Transition  life  zone,  caused  by 
the  Alleghany  and  Blue  Ridge  mountains,  it  will  spread  unchecked 


1  Briefly  defined  by  Dr.  Merriam  in  his  summary  article  ou  "The  geographic  dis- 
mtion  of  animals  and  plants  in  North  America,"  in  the  Yearbook  of  this  Depart- 
it  for  1894,  page  203. 


through  Ohio,  Indiana,  Kentucky,  Tennessee,  and  other  Western 
States.1 

Food  plants. — No  food  plants  other  than  elms  are  known.  The  com- 
mon English  elm  ( Ulmus  campestris}  is  its  favorite  food,  and  the  gar- 
dener's variety,  the  so-called  Oamperdown,  or  weeping  elm,  is  attacked 
with  equal  avidity.  The  American,  or  white,  elm  ( U.  americana)  ranks 
next  among  the  favored  species,  with  U.montana,  U.suberosa,  TJ.flava, 
U.  racemosa,  and  U.  alata  in  about  the  order  named.  No  variety  seems 
absolutely  exempt.  In  the  presence  of  U.  campestris  other  elms  are 
seldom  seriously  injured.  Where  campestris  is  absent,  or  where  a 
single  tree  of  campestris  is  surrounded  by  many  American  elms,  the 
latter  become  seriously  attacked.2 

Life  history  and  habits. — The  elm  leaf-beetle  passes  the  winter  in  the 
adult,  or  beetle,  condition  in  cracks  in  fences  or  telegraph  poles,  under 
the  loose  bark  of  trees,  inside  window  blinds  in  unoccupied  houses,  in 
barns,  and,  in  fact,  wherever  it  can  secure  shelter.  As  soon  as  the 
buds  of  the  trees  begin  to  swell  in  the  spring,  the  beetles  issue  from 
their  winter  quarters  and  mate,  and  as  soon  as  the  buds  burst  they 
begin  to  feed  upon  the  leaflets. 

This  feeding  is  continued  by  the  beetles  until  the  leaves  are  fairly 
well  grown,  and  during  the  latter  part  of  this  feeding  period  the  females 
are  engaged  in  laying  their  eggs.  The  eggs  (fig.  3,  c)  are  placed  on 
the  lower  sides  of  the  leaves,  in  vertical  clusters  of  5  to  20  or  more, 
arranged  in  two  or  three  irregular  rows.  They  are  elongate  oval  in 
shape,  tapering  to  a  rather  obtuse  point,  orange  yellow  in  color,  and 
the  surface  is  covered  with  beautiful  hexagonal  reticulations.  These 
reticulations,  however,  can  be  seen  only  with  a  high  magnifying  power. 

The  egg  state  lasts  about  a  week.  The  Iarva3  (fig.  3,  d)  as  soon  as 
hatched  feed  on  the  under  surface  of  the  leaf,  gradually  skeletonizing 
it.  They  reach  full  growth  in  from  fifteen  to  twenty  days,  and  then 
either  crawl  down  the  trunk  of  the  tree  to  the  surface  of  the  ground  or 
drop  from  the  extremities  of  overhanging  branches.  At  the  surface  of 
the  ground  they  transform  to  naked,  light  orange-colored  pupae  (fig. 
3,  </),  a  little  over  a  quarter  of  an  inch  in  length,  and  in  this  stage  they 
remain  for  from  six  to  ten  days,  at  the  expiration  of  that  time  trans- 
forming to  beetles.  The  pupre  will  frequently  be  found  collected  iii 
masses  at  the  surface  of  the  ground  in  this  way.  On  very  large  trees 
with  shaggy  bark  many  larvre  will  transform  to  pup»3  under  the  bark 
scales,  or  on  trees  of  the  largest  size  they  may  descend  the  main 


1  Since  this  was  written  the  writer  has  learned  that  this  passage  of  the  Blue  Rid^e 
barrier  has  actually  taken  place  during  the  past  season.     Mr.  A.  D.  Hopkins,  of  the 
West  Virginia  Agricultural  Experiment  Station,  has  found  that  this  insect  has 
established  itself  at  Elragrove,  in  Ohio  County,  and  at  Wellsburg,  in  Brooke  County, 
W.Va. 

2  The  beetles  rarely  oviposit  upon  Zelcova  carpiniafolia  and  Z.  acuminata  on  the 
Department  grounds  at  Washington. 
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FIG.  3.-The  imported  elm  leaf-beetle  (Galerucella  luteola).  a,  foliage  of  European  elm  showing 
method  ot  work  of  beetle  and  larva-natural  size;  b,  adult  beetle;  c,  egg  mass:  d,  young  larvje;  «, 
full-grown  larva;  g.  pupa-all  greatly  enlarged;  /,  mouth  parts  of  full-grown  larva-s 

enlarge. 1  (original). 
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branches  to  the  crotch  and  transform  unprotected  in  the  hollow  of  the 
crotch. 

The  larva  is  elongate,  reaching  when  full  grown  (fig.  3,  e)  half  an 
inch  in  length.  When  first  hatched  it  is  nearly  black;  as  it  increases 
in  size  it  becomes,  with  each  shedding  of  the  skin,  more  distinctly 
marked  with  yellow,  and  when  mature  the  yellow  predominates, 
occurring  as  a  broad  dorsal  stripe  and  two  lateral  stripes. 

The  difference  between  the  early  work  of  the  beetles  and  the  later 
work  of  the  Iarva3  is  recognized  at  a  glance.  The  beetles  eat  entirely 
through  the  leaves  and  make  complete,  irregular  holes,  while  the  larvae 
simply  eat  the  parenchyma  from  below,  skeletonizing  the  leaf. 

The  time  occupied  in  egg  laying  is  long,  and  it  thus  happens  that  at 
the  time  when  full-grown  larvae,  and  even  pupae,  are  to  be  found  there 
are  also  upon  the  leaves  freshly  laid  eggs. 

In  Washington  there  are  invariably  two  generations  annually,  the 
beetles  developed  from  the  eggs  laid  by  the  overwintered  beetles  them- 
selves laying  their  eggs  in  July.  The  adults  issuing  from  these  eggs 
make  their  appearance  in  August.  Farther  north,  at  New  Brunswick, 
N.  J.,  and  in  the  Connecticut  cities,  it  may  be  said  that  there  is  nor- 
mally a  complete  first  generation  and  an  incomplete  second  generation. 

The  proper  food  of  the  larvae  is  the  rather  young  and  tender  leaves. 
If  the  work  of  the  first  generation  has  not  been  complete,  and  the  trees 
have  not  been  so  nearly  defoliated  as  to  necessitate  the  sending  out  of 
fresh  leaves,  or  if  a  period  of  drought  ensues  after  defoliation  and  pre- 
vents the  putting  out  of  a  second  crop  of  leaves,  the  beetles  of  the  first 
generation  do  not  lay  eggs,  but  after  flying  about  for  a  time  seek  winter 
quarters.  This  may  occur  as  early  as  the  middle  of  July.  Where, 
however,  defoliation  has  been  complete  and  has  been  followed  by  a 
period  of  sufficient  moisture  to  enable  a  tree  to  put  out  a  fresh  crop  of 
leaves,  the  beetles  of  the  first  generation  will  lay  their  eggs  and  a  sec- 
ond generation  of  larvae  will  develop  upon  this  comparatively  tender 
foliage.  Where  similar  conditions  prevail  in  Washington  and  its 
vicinity,  a  third  generation  of  larvae  may  develop,  though  small  in 
numbers,  but  the  writer  is  convinced  that  even  in  Washington  late- 
developing  beetles  of  the  first  generation  may  hibernate. 

Remedies. — The  only  thoroughly  satisfactory  safeguard  against  this 
insect  consists  in  spraying  the  trees  with  an  arsenical  solution.  The 
only  other  remedy  which  is  worthy  of  mention  is  the  destruction  of  the 
larvae  at  the  surface  of  the  ground  before  or  after  they  transform  to 
pupae.  The  latter  remedy,  however,  is  not  complete,  and  even  where 
it  is  carefully  carried  out  for  every  tree  in  a  city  it  will  do  no  more  than 
reduce  the  numbers  of  the  insects  by  perhaps  two- thirds. 

Ten  years  ago  a  proposal  to  spray  the  enormous  elms  which  are  to 
be  found  in  many  Northern  towns  would  have  been  received  with 
ridicule,  but  of  recent  years  the  practicability  of  the  plan  has  so  fre- 
quently been  demonstrated  that  there  is  no  hesitancy  in  commending 
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it  to  more  general  city  use.  Probably  the  largest  elm  tree  in  America, 
the  Dexter  elm  at  Medford,  Mass.,  has  been  successfully  and  eco- 
nomically sprayed  by  the  Gypsy  Moth  Commission.  It  is  necessary 
to  have  especial  apparatus  constructed,  and  it  is  equally  necessary  to 
have  the  work  done  by  men  who  are  accustomed  to  i.t  or  at  least  are- 
good  climbers.  The  first  successful  work  of  this  kind  was  probably 
that  done  by  Prof.  John  B.  Smith,  on  the  campus  of  Rutgers  College. 
He  had  a  strong  barrel  pump,  and  carried  the  nozzle  at  the  end  of  a 
long  rubber  tube,  with  a  bamboo  extension  pole,  up  into  the  center  of 
the  trees  by  climbing  a  ladder  to  the  main  crotch.  From  this  point 
the  spray  was  thrown  in  all  directions,  and  the  tree  was  thoroughly 
coated  with  the  mixture  in  a  minimum  of  time. 

The  Gypsy  Moth  Commission,  in  their  earlier  spraying  work,  sent 
their  large  tank  carts  through  the  streets,  stopping  at  each  tree  and 
sending  one  or  more  men  with  hose  and  extension  poles  into  it,  thus 
covering  hundreds  of  large  trees  in  a  single  day.  If  steam  sprayers 
are  used  (and  the  town  or  city  fire  engines  can  be  and  have  been  used 
to  excellent  advantage  in  this  way),  the  necessity  for  climbing  the 
trees  may  be  largely  avoided.  By  means  of  multiple-discharge  hose 
both  sides  of  a  tree,  or  even  of  two  trees,  may  be  sprayed  at  once, 
and  the  extent  of  territory  that  may  be  covered  in  a  day  is  surprising. 
The  elm  trees  in  a  small  park  may  be  treated  economically  and  with- 
out much  difficulty  by  two  or  three  men  with  a  handcart  tank.  This 
method  has  been  adopted  on  the  large  grounds  of  the  Department  of 
Agriculture  with  absolute  success. 

The  writer's  experience  at  Washington  leads  to  the  conclusion  that 
it  is  important  to  spray  trees  once  just  after  the  buds  have  burst. 
This  spraying  is  directed  against  the  overwintered  beetles.  If  a  large 
proportion  of  these  beetles  can  be  destroyed  by  poisoning  the  leaves 
which  they  eat,  not  only  will  a  great  deal  of  leaf  perforation  by  the 
beetles  themselves  be  prevented,  but  the  number  of  eggs  laid  will  be 
very  greatly  lessened.  A  second  spraying  should  be  conducted  two 
weeks  later.  This  is  directed  against  the  larvae,  the  majority  of  which 
will  perhaps  have  hatched  by  that  time  or  soon  after.  A  third  spray- 
ing, and  even  a  fourth,  or  under  exceptional  circumstances  a  fifth, 
may  be  required  if  it  is  considered  necessary  to  keep  the  trees  fresh 
and  green,  and  particularly  if  the  earlier  sprayings  have  been  followed 
b\  raiirs,  as  is  apt  to  be  the  case  in  the  earlier  part  of  the  season.  In 
Bridgeport,  Conn.,  where  only  a  part  of  the  trees  are  sprayed  and 
these  by  private  enterprise,  an  even  greater  number  of  operations 
have  been  found  desirable.  Three  thorough  sprayings  of  all  the  trees 
in  a  given  precinct  will  probably  be  as  much  as  will  be  required, 
especially  if  this  be  done  year  after  year  and  some  pains  be  taken  to 
destroy  such  of  the  larva?  as  may  successfully  develop  and  descend 
for  transformation.  Even  two  sprayings,  covering  all  the  elms  of  a 
city  or  town,  will  be  well  worth  the  expense. 
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The  substance  to  be  used  in  these  spraying  operations  may  be  Paris 
green,  London  purple,  or  arsenate  of  lead.  The  directions  for  the  use 
of  these  substances  have  been  so  often  repeated,  that  it  is  not  worth 
while  to  mention  them  here. 

The  other  remedy — the  destruction  of  the  descending  larvae  and  the 
quiescent  pupae — is,  as  above  stated,  and  must  always  be,  incomplete. 
The  standard  kerosene  emulsion,  diluted  one  part  to  five  parts  of 
water,  will  destroy  the  insects  in  either  of  these  stages.  This  has  been 
successfully  used  in  several  New  England  towns  the  past  season,  par- 
ticularly in  New  Haven.  It  must  be  applied  to  the  base  of  the  trunk 
and  under  the  entire  limb  spread  of  the  tree.  The  rough  bark  must 
be  removed  to  a  slight  extent  (the  writer  does  not  advocate  severe 
scraping),  leaving  as  few  crevices  as  possible  which  may  harbor  the 
pupating  insects.  If  a  tree  is  very  large,  it  will  pay  occasionally  to 
climb  into  the  main  crotch  and  destroy  such  individuals  as  may  have 
collected  at  that  point.  Experience  leads  us  to  the  estimate  that  on 
large  trees  not  more  than  one-half  to  two-thirds  of  the  larvae  reach  the 
base  of  the  trunk  and  transform  at  that  point.  The  extent  to  which 
larvae  drop  from  overhanging  branches  has  been  questioned,  and  it  is 
sometimes  a  difficult  matter  to  decide.  The  city  forester  of  Spring- 
field, Mass.,  however,  called  our  attention  to  a  peculiar  and  eminently 
satisfactory  case  where  the  drooping  branches  of  a  large  elm  extended 
completely  over  a  house  on  the  other  side  of  which  there  were  no  elm 
trees.  On  the  far  side  of  the  house,  beneath  the  tips  of  the  overhang- 
ing branches,  the  larvae  and  pupae  were  collected  in  large  numbers  in 
the  summer  of  1895. 

THE   WHITE-MARKED   TUSSOCK   MOTH. 
(Orgyia  leucostigma  Smith  and  Abbot.) 

Original  home  and  present  distribution. — This  insect  is  a  native  of 
North  America.  It  ranges  from  Jacksonville,  Fla.,  to  Nova  Scotia, 
on  the  eastern  coast,  and  extends  west  certainly  as  far  as  Keokuk, 
Iowa,  and  probably  farther,  although  the  records  at  command  include 
no  actual  captures  beyond  this  point.1  It  does  not  occur  in  California, 
so  far  as  learned. 

Food  plants. — It  attacks  almost  every  variety  of  shade,  fruit,  and 
ornamental  trees,  with  the  exception  of  the  conifers.  In  the  city  of 
Washington  it  seems  to  select  by  preference  the  poplars,  soft  maples, 
the  elms,  alders,  and  birches,  as  well  as  the  willows.  It  is  also  fouiu 
here  on  apple,  pear,  cherry,  plum,  peach,  other  varieties  of  maple, 
locust,  box  elder,  ash,  catalpa,  rose,  horse  chestnut,  persimmon,  syca- 
more, mulberry,  and  a  number  of  other  trees. 

Life  history  and  habits. — This  insect  passes  the  winter  in  the  egg 
state.  The  overwintering  eggs  are  laid  by  the  female  moth  in  the  latter 


Prof.  L.  Bruner  has  since  reported  this  species  from  Omaha  and  Lincoln,  Nebr. 
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part  of  September,  in  a  glistening  white,  frothy-looking  mass  attached 
to  the  outside  of  the  cocoon.  They  are  seen  at  a  glance,  owing  to  their 
pure  white  color,  and  remain  conspicuous  upon  the  trees  until  spring. 
The  caterpillars  hatch  in  Washington  in  April  and  May.  They  are 
represented  at  different  stages  of  growth  in  figs.  4,  5,  and  6,  and  in 
view  of  the  care  with  which  these  figures  have  been  drawn  detailed 
descriptions  will  be  unnecessary.  They  cast  the  skin  five  times, 
exhibiting  a  different  character  after  each  molt,  as  indicated  in  the 


FIG.  4. — Orgyia  leucostigma.  a,  larva;  &,  female  pupa;  c,  male  pupa;  d,  e,  male  moth;  /,  female 
moth;  g,  same  ovipositing;  h,  egg  mass;  i,  male  cocoons;  A;,  female  cocoons,  with  moths  carrying 
eggs— all  slightly  enlarged  (original). 

figures.  The  newly  hatched  young  feed  on  the  under  surface  of  the 
leaf,  eating  off  the  parenchyma  and  producing  a  skeletonized  appear- 
ance. After  the  first  molt  the  skeletonizing  continues,  but  a  few  holes 
are  eaten  completely  through  the  leaf 5  after  the  second  molt  many 
holes  are  eaten  through  between  the  main  ribs,  and  after  the  third 
molt  the  leaf  is  devoured,  except  for  the  midrib  and  its  principal 
branches.  After  the  fourth  molt  the  caterpillars  begin  to  eat  from 
the  edge  of  the  leaf  and  devour  everything  except  the  principal  veins. 
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Similar  work  is  done  in  the  last  stage  upon  the  full-grown  and  tough 
leaves  (see  fig.  7). 

A  most  peculiar  kind  of  damage  by  the  caterpillars  of  this  species 
has  been  observed  by  Dr.  Lintner  in  Albany,  N.  T.  There,  in  the 
summer  of  1883,  he  found  that  the  tips  of  many  twigs  were  girdled 
by  the  caterpillars,  which  had  entirely  removed  the  bark  for  a  tenth 
of  an  inch.  Such  twigs  broke  off'  and  fell  to  the  ground,  with  their 
leaves.  This  damage  was  so  common  in  1883  that  the  sidewalks  of 
the  streets  and  public  parks  wherever  the  American  elm  was  growing 
were  sprinkled  with  the  newly  fallen  leaves.  Dr.  Lintner  was  of  the 
opinion  that  a  cold  spring  and  the  sudden  advent  of  warm  weather 
caused  an  unusually  vigorous  growth  of  the  terminal  twigs,  and  that 
the  young  tips  were  therefore  unusually  tender.  They  thus  proved 


FIG.  5.— Tussock-moth  caterpillar.     First,  second,  and  third  stages— enlarged  (original). 

appetizing  to  the  tussock-moth  caterpillars,  which  developed  a  new 
habit  for  the  occasion.  This  peculiar  damage  was  repeated  in  1895, 
but  to  a  less  extent.  No  other  observer  in  any  part  of  the  country 
has  ever  reported  similar  damage. 

The  young  caterpillars  drop  down,  suspended  by  silken  threads,  at 
even  a  slight  jarring  of  the  tree,  and  frequently  spin  down  without 
such  disturbance,  and  are  blown  to  a  considerable  distance  by  the 
wind.  When  nearly  full  grown  they  are  great  travelers,  crawling 
down  the  trunk  of  the  tree  upon  which  they  were  hatched  and  across 
a  considerable  stretch  of  ground,  to  ascend  another  tree.  When  they 
occur  in  numbers,  an  extensive  migration  will  always  take  place  from 
a  tree  which  has  been  nearly  defoliated,  and  the  species  spreads  mainly, 
if  not  entirely,  in  this  way.  Just  as  is  the  case  with  the  gypsy  moth, 
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the  caterpillars  are  carried  by  vehicles  upon  which  they  crawl  or  drop, 
or  upon  the  clothes  of  passers-by,  and  in  this  way  many  trees  upon 
which  there  were  no  egg  masses  become  infested. 

The  larval  state  lasts,  ou  an  average,  from  a  month  to  five  weeks. 
When  full  grown,  the  larva?  spin  delicate  grayish  cocoons  of  silk  mixed 
plentifully  with  hairs.  The  mixture  of  hair  is  brought  about  by  the 
fact  that  the  hairs  are  barbed  and  rather  loosely  attached  to  the  body. 
When  a  caterpillar  begins  to  spin  its  cocoon  the  hairs  of  its  body  and 
those  of  the  long,  black  tufts  on  the  prothorax  first  become  entangled 
with  the  silken  threads  and  are  pulled  out.  By  the  time  the  cocoon  has 


Fw.  6.— Tussock-moth  caterpillar.     Third  and  fourth  stages,  showing  enlarged  hairs  from  different 

parts  of  body  (original). 

begun  to  take  shape,  the  characteristic  long,  black  tufts  of  hair  have 
entirely  disappeared  from  the  body  of  the  caterpillar.  Later  the 
shorter  hairs  of  the  sides  of  the  body  become  entangled  and  removed, 
and  finally  many  of  the  hairs  composing  the  brush-like  tufts  upon 
the  fore  part  of  the  body  are  pulled  out,  and  just  before  it  transforms 
to  pupa  the  caterpillar  bears  but  a  remote  resemblance  to  the  individ- 
ual before  it  began  to  spin. 

The  barbed  hairs  just  mentioned  may  occasionally  produce  consid- 
erable irritation  of  the  skin  of  people  upon  whom  the  caterpillars  may 
have  crawled  or  dropped  from  the  trees.  The  hairs  from  the  different 
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portions  of  the  body  of  the  full-grown  caterpillar  are  illustrated,  givjitly 
enlarged,  in  fig.  6,  and  it  is  the  shorter  hairs  from  the  sides  which  prob- 
ably cause  the  irritation.  They  are  very  small,  fall  out  readily,  and, 
when  a  caterpillar  crawls  over  the  skin  of  an  individual  who  is  warm 
and  perspiring,  these  very  sharply  barbed  hairs  produce  an  irritation 
which  in  some  individuals  has  been  the  cause  of  much  discomfort, 
creating  more  or  less  inflammation  and  swelling. 

The  larva  transforms  to  pupa  within  a  few  hours  after  the  completion 
of  the  cocoon,  and  remains  in  the  pupal  condition  from  ten  days  to  two 
weeks.  The  cocoons  of  this  first  generation,  while  mainly  spun  on  the 
trunk  and  larger  branches,  are  also  spun  to  a  very  considerable  extent 
upon  the  smaller  branches  and  twigs,  and  even  on  the  partly  eaten 
leaves. 

The  adult  insect  presents  the  rather  unusual  phenomenon  of  a 
winged,  active  male  and  a  degraded,  absolutely  wingless  female.  It 
is  this  fact  which  makes  the  spread  of  the  species  dependent  upon  the 
traveling  powers  of  the  caterpillar,  as  mentioned  in  the  preceding  para- 
graph. The  male  and  female  pupa3  and  the  male  and  female  moths 
are  so  well  shown  in  fig.  4  as  to  need  no  description. 

Coupling  takes  place  upon  issuing  from  the  cocoon,  and  immediately 
afterwards  the  females  begin  to  lay  their  eggs,  clinging  firmly  to  the 
cocoons  from  which  they  have  issued  and  attaching  the  egg  mass  to 
the  lower  half  of  the  cocoon,  in  the  manner  shown  in  fig.  4,  h  and  k. 
As  soon  as  the  eggs,  are  laid  the  females  die,  and  usually  fall  to  the 
ground,  although  sometimes  their  shriveled  bodies  remain  clinging  by 
the  legs  to  the  upper  part  of  the  cocoon. 

We  have  made  no  observations  as  to  the  duration  of  these  midsum- 
mer eggs.  Unfortunately,  upon  the  length  of  time  which  elapses  before 
hatching  depends  exact  information  as  to  the  number  of  annual  gen- 
erations. Specific  observations  in  1895  in  Washington  were  not  begun 
until  August  15.  At  that  time  the  egg  masses  were  everywhere  to  be 
seen,  and  about  that  time  the  eggs  began  to  hatch.  From  the  early 
statements  of  Eiley  it  was  assumed  that  these  were  the  eggs  of  the 
second  generation,  but  reference  to  the  notebooks  of  the  office  shows 
that  on  several  occasions  overwintered  eggs  have  hatched  in  Wash- 
ington in  April,  and  adults  have  issued  as  early  as  the  middle  of  June. 
From  the  middle  of  June  to  the  middle  of  August  is  certainly  long 
enough  to  allow  for  a  generation  of  this  insect.  Assuming  that  such  a 
generation  had  developed,  larvae  from  these  August  eggs  would  belong 
to  the  third  generation.1  This,  however,  is  to  a  certain  extent  guess 
work,  and  the  regrettable  lapse  of  observations  during  the  last  half  of 


1  Observations  made  during  1896  confirmed  fully  the  surmise  here  recorded  that 
the  white-marked  tussock  moth  has  at  Washington  three  generations  annually, 
instead  of  two,  as  previously  stated  by  Riley.  (See  Bulletin  10,  Division  of  Ento- 
mology, p.  33.) 


Juno,  tlie  whole  of  July,  and  the  first  half  of  August  could  be  remedied 
only  in  another  season. 

Elaborate  observations  were  made  upon  this  August  brood  in  1895, 
the  individuals  of  which  were  present  in  extraordinary  numbers.  Cer- 
tain of  the  larva?  under  observation,  which  hatched  on  August  2,  com- 
menced to  spin  upon  September  3,  and  on  September  14  the  first  male 
moths  made  their  appearance,  the  first  females  issuing  September  19. 
During  the  latter  part  of  September  the  bulk  of  the  moths  issued,  and 
the  conspicuous  white  egg  masses  were  very  abundant  by  the  1st  of 
October.  Many  of  these  egg  masses  were  kept  under  observation  from 
that  time  on.  In  the  cold  room  of  the  insectary  (temperature  the  same 
as  outdoors)  a  few  eggs  hatched  about  the  close  of  the  second  week  in 
October,  and  on  October  23  two  newly  hatched  Iarva3  were  observed 
upon  an  egg  mass  collected  out  of  doors.  This  late  fall  hatching,  how- 
ever, is  probably  exceptional,  but  in  a  late,  warm  autumn  it  is  likely 
to  be  rather  general.  It  is  hardly  to  be  supposed  that  any  individuals 
hatching  after  the  1st  of  October  will  successfully  transform.  The 
cocoons  of  this  late  fall  generation  are  almost  invariably  spun  upon 
the  trunk  of  the  tree  and  in  the  crotches  of  the  main  limbs,  but  occa- 
sionally, in  the  case  of  large  trees,  upon  the  larger  limbs  themselves. 
The  tendency  of  all  the  larva?  of  this  generation  is  to  crawl  toward  the 
ground  before  transforming.  Cocoons  are  occasionally  spun  upon 
fences  or  other  objects  near  the  trees  upon  which  the  Iarva3  have  been 
reared,  but  the  vast  majority  are  found  upon  the* trunks. 

There  are,  then,  certainly  two,  and  probably  three,  annual  genera- 
tions at  Washington.1  In  New-  York  and  Brooklyn  there  ^ire  two 
well-marked  generations.  At  Boston,  as  is  learned  from  Mr.  Samuel 
Heushaw,  there  are  two  generations.  Farther  north,  however,  although 
the  statement  is  based  upon  no  exact  observation,  it  is  not  at  all  likely 
that  there  are  more  than  one,  and,  as  stated  in  the  introduction,  the 
comparative  harmlessness  of  the  species  in  such  regions  is  probably 
due  to  the  nondevelopment  of  the  second  generation. 

Remedies. — There  are  two  classes  of  remedies  as  well  as  an  excellent 
preventive  that  may  be  used  to  advantage  against  this  insect.  These 
are  the  collection  or  destruction  of  the  eggs  in  the  winter,  spraying 
the  trees  against  the  Iarva3,  and  banding  unattacked  trees  to  prevent 
the  ascent  of  the  caterpillars  and  the  subsequent  development  of 
moths  and  the  laying  of  eggs. 

The  collection  and  destruction,  or  the  destruction  without  collecting, 
of  the  eggs  must  be  thorough  in  order  to  have  any  practical  efficacy. 
The  great  majority  of  the  hibernating  egg  masses  are  deposited  low 
down  on  the  trunk  of  the  tree  or  upon  the  main  limbs,  so  that  they  can 

•Certainly  occasionally,  and  probably  always,  three,  as  indicated  in  the  footnote 
on  the  preceding  page. 
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be  reached  in  one  way  or  another  without  much  difficulty.  The  egg 
mass  is  compact,  and,  being  attached  to  the  somewhat  flimsy  cocoon 
and  not  to  the  bark,  it  is  easily  removed  either  by  hand  or  by  scraping 
it  off.  The  egg  masses  which  have  been  scraped  off  must  not  be 
allowed  to  remain  at  the  surface  of  the  ground,  but  should  be  collected 
and  burned.  A  scraper  for  the  removal  of  egg  masses  which  occur  too 
high  to  be  reached  by  hand  has  been  devised  by  Mr.  Southwick,  of 
Central  Park,  New  York  City,  and  consists  of  a  very  small  hoe  blade 
at  the  end  of  a  long  pole.  Perfectly  unskilled  labor  can  be  utilized  in 
this  operation,  but  the  workman  should  be  impressed  with  the  neces- 
sity of  absolute  thoroughness;  not  an  egg  mass  should  be  overlooked. 


FiC4.  7.— Silver  maple  leaves  eaten  by  larvae  of  white-marked  tussock  moth  in  successive  stages  of 
growth  from  a  (newly  hatched  larvae)  to  /  (full-grown  larvae)— reduced  (original). 

In  the  work  against  the  gypsy  moth  in  Massachusetts  it  has  been 
found  that  the  egg  masses  can  not  be  removed  to  the  best  advantage 
by  means  of  scrapers.  The  eggs  are  attached,  not  to  the  cocoons,  but 
to  the  bark  of  the  trees,  and  certain  eggs  may  be  left  in  the  attempt 
to  remove  the  mass.  An  extensive  series  of  experiments  has  therefore 
been  carried  on  with  a  view  to  securing  a  liquid  which  will  penetrate 
and  destroy  the  egg  masses. 

A  satisfactory  liquid  for  this  purpose  has  been  found  in  creosote  oil, 
to  which  turpentine  is  added  to  keep  it  liquid  in  cold  weather,  with 
to  blacken  it  so  that  treated  egg  masses  can  be  recognized  at  a  glam 
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The  workman  is  furnished  with  a  pole,  to  the  end  of  which  a  small 
sponge  is  tied,  lie  goes  from  tree  to  tree,  dipping  the  sponge  occa- 
sionally into  the  creosote  preparation  and  touching  with  it  each  egg 
mass  found.  This  is  a  simple  and  very  rapid  method.  It  has  the 
advantage  of  rapidity  over  the  scraping  method  described  above,  since 
after  the  eggs  are  scraped  oft'  they  must  be  collected  and  carried  away 
for  burning. 

A  modification  of  this  plan  may  be  used  to  advantage  against  the 
tussock  moth.  The  pure  white  color  of  the  egg  mass  of  the  tussock 
moth,  however,  renders  the  use  of  coal  tar  in  the  preparation  unnec- 
essary, since  the  creosote  oil  alone  will  discolor  it  enough  to  render  a 
treated  mass  recognizable  at  a  distance. 

No  explicit  directions  for  spraying  with  arsenical  poisons  against 
this  insect  are  needed.  The  same  liquid  and  the  same  apparatus  that 
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FIG.  8. — Fimpla  inquisitor,  an  Ichneumonid  parasite  of  tussock-moth  caterpillar,  a,  parasitized  cat- 
erpillar; 6,  egg  of  parasite;  c,  same  in  ritu;  d,  parasite  larvse  issuing;  «,  parasite  cocoons — all 
slightly  enlarged,  except  b  and  c,  which  are  much  enlarged  (original).1 

are  used  against  the  elm  leaf-beetle  may  be  used  against  this  insect, 
and  the  spraying  may  be  done  at  about  the  same  time  of  the  year.  It 
is  essential  that  the  caterpillars  of  the  first  generation  shall  be  killed, 
as  the  second  and  more  destructive  brood  will  thus  be  prevented. 

Banding  of  the  trees  is  practiced  to  advantage  with  this  species.  It 
is  the  only  one  of  the  shade-tree  insects,  except  the  bagworm,  which 
has  a  wingless  female.  All  the  others,  except  the  gypsy  moth,  spread 


'See  Bulletin  5,  technical  series,  Division  of  Entomology,  and  Bulletin  9,  new 
series,  pages  15-17,  for  an  extended  account  of  the  parasites  of  this  species.  The 
injurious  outbreak  of  1895  was  checked  in  the  most  perfect  manner  by  these  para- 
sites, so  that  the  tussock  moth  was  hardly  to  be  noticed  during  the  latter  part  of 
1896,  or  during  1897  or  1898. 
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from  tree  to  tree  by  the  flight  of  the  female.  Many  experiments  have 
been  made  with  different  styles  of  bands,  and  it  has  been  practically 
proved  that  a  broad,  thick  strip  of  raw  cotton,  tied  about  the  trunk 
of  the  tree  with  a  string,  is  after  all  the  most  efficacious  and  perhaps 
the  cheapest.  Such  bands  have  to  be  renewed  occasionally,  as  they 
become  more  or  less  matted  together  and  spoiled  by  rainstorms. 

Next  in  point  of  efficacy  will  probably  come  bands  of  insect  lime, 
several  brands  of  which  are  on  the  market.  In  sect,  lime  is  a  sticky, 
coal-tar  product,  which  retains  its  viscidity  for  a  considerable  time. 
A  ring  made  around  a  tree  will  remain  operative  for  some  weeks  in 
warm  weather. 

THE   FALL   WEBWORM. 

(Hyphantria  cunea  Drury;  figs.  9  to  11.) 

Associated  with  the  white- marked  tussock  moth  in  its  damage  to 
the  shade  trees  of  the  city  of  Washington  during  the  summer  of  1895, 
were  very  many  specimens  of  the  fall  webworm;  in  fact,  this  insect  was 
more  abundant  during  the  summer  of  1895  than  it  has  been  in  Wash- 
ington since  1886.  It  was  not  as  numerous  and  destructive  as  the 
white-marked  tussock  moth,  and  the  last  generation  was  so  extensively 
parasitized  as  to  lead  to  the  anticipation  that  the  species  would  not  be 
especially  abundant  during  1896. 

The  fall  webworm  is  a  typical  American  species.  It  is  found  from 
Canada  to  Georgia  and  from  Montana  to  Texas.  It  is  an  almost  uni- 
versal feeder,  and  the  records  of  the  Division  of  Entomology  list  about 
120  species  of  shade  and  ornamental  trees,  as  well  as  fruit  trees,  upon 
the  leaves  of  which  it  feeds. 

In  the  District  of  Columbia  and  north  to  New  York  City  there  are 
two  generations  annually,  as  is  the  case  with  the  tussock  moth.  In 
more  northern  localities,  where  it  is  single- brooded,  it  loses  its  place 
as  a  species  of  great  importance.  It  hibernates  as  a  pupa  within  a 
cocoon  attached  to  the  trunk  of  its  food  plant,  or  to  tree  boxes,  neigh- 
boring fences,  or  to  rubbish  and  sticks  or  stones  at  the  surface  of  the 
ground.  The  different  stages  of  the  insect  are  shown  in  figs.  9  to  11. 
The  moth,  which  may  be  either  pure  white  or  white  spotted  with  black, 
flies  at  night  and  deposits  a  cluster  of  400  or  500  eggs,  upon  either  the 
upper  or  the  under  surface  of  the  leaf.  The  caterpillars  feed  gregari- 
ously, and  each  colony  spins  a  web  which  may  eventually  include  all 
the  leaves  of  a  good-sized  limb.  Beaching  full  growth,  the  caterpillars 
leave  the  web  and  crawl  down  the  trunk  of  the  tree  to  spin  their  cocoons. 
The  caterpillars  of  the  second  generation  begin  to  make  their  appear- 
ance in  force  in  August. 

Remedies. — On  account  of  the  fact  that  the  adult  female  is  an  active 
flier,  we  can  use  against  the  fall  webworm  but  two  of  the  remedies 
suggested  for  use  against  the  tussock-moth  caterpillars,  namely,  spray- 
ing with  arsenical  poisons  acid  the  collection  of  the  cocoons.  The  gre- 
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garious  habit  of  the  larva',  however,  suggests  another  remedy  which  is 
practical  and  very  efficient  if  thoroughly  carried  out.  This  is  the 
destruction  of  the  webs  and  the  contained  larva*,  either  by  cutting  off 
the  twigs  which  carry  them  and  burning  immediately,  or  burning  the 
webs  without  pruning.  If  this  work  be  done  properly  and  against  the 
early  summer  generation,  the  pruning  method  is  unnecessary  and  inad- 
visable. By  the  use  of  a  proper  torch  the  webs  and  the  caterpillars 
which  they  contain  can  be  burned  olt'  at  nightfall  without  necessarily 
destroying  the  life  of  the  twigs,  and  a  second  crop  of  leaves  will  be  put 
out  a  little  later,  so  that  the  tree  does  not  remain  disfigured  for  any 
length  of  time.  A  bundle  of  rags  wired  to  the  end  of  a  pole  and  satu- 
rated with  kerosene  makes  a  good  torch  for  the  purpose;  or  a  porous 
brick  wired  to  a  pole  and  saturated  with  kerosene  answers  the  purpose 
even  better.  Private  persons  will  find  this  remedy  sufficient.  City 
authorities  should  apply  an  arsenical  spray.  Collecting  the  cocoons  in 
winter  maybe  carried  on  simultaneously  with  the  collection  of  the  egg 
masses  of  the  white- marked  tussock  moth,  but  this,  as  well  as  other 
community  remedies,  will  be  referred  to  at  another  place. 

THE   RELATIVE  IMMUNITY  FROM  INSECTS  OF  DIFFERENT  VARIETIES 

OF   SHADE   TREES. 

As  regards  a  number  of  the  principal  shade  trees  that  are  most  com- 
monly grown,  there  does  not  seem  to  be  any  great  preference  on  the 
part  of  the  fall  web  worm  and  the  tussock-moth  caterpillar.  If  a  moth 
happens  to  lay  her  eggs  upon  or  near  a  given  tree  standing  in  a  row, 
the  species  will  naturally  spread  along  the  row  before  it  will  cross  to 
the  opposite  side.  In  this  way  erroneous  ideas  of  the  relative  immunity 
of  trees  have  frequently  been  gathered. 

Taking  the  insect  question  as  a  whole,  however,  there  is  a  decided 
difference  in  the  relative  value  of  certain  varieties.  In  December,  1893, 
the  Tree  Planting  and  Fountain  Society  of  Brooklyn  asked  a  number 
of  experts  to  name  for  the  use  of  the  society  nine  of  the  most  valuable 
trees  for  planting  in  Brooklyn.  Three  of  these  trees  were  to  be  large- 
growing,  three  medium-sized,  and  three  small-growing  varieties. 

The  reply  of  Mr.  B.  E.  Fernow,  Chief  of  the  Division  of  Forestry  in 
the  United  States  Department  of  Agriculture,  was  comprehensive  and 
of  great  value.  He  tabulated  nearly  50  varieties,  analyzing  their  good 
qualities  under  the  different  heads  of  endurance,  recuperative  power, 
cleanliness,  beauty  of  form,  shade,  leaf  period,  rapidity  of  growth,  and 
persistence,  giving  3  as  the  highest  mark  for  any  one  of  these  qualities 
and  estimating  the  value  of  a  given  tree  by  the  total  number  of  marks 
given  to  it.  This  reply  was  printed  and  issued  as  a  circular  by  the 
Brooklyn  society.  Mr.  Fernow  made  no  specific  rating  for  immunity 
from  insect  pests,  although  in  his  introductory  remarks  he  seems  to 
have  included  the  insect  question  under  the  head  of  cleanliness. 
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As  is  quite  to  be  expected,  tbe  rating  arrived  at  from  the  summing 
up  of  the  qualities  mentioned  differs  very  considerably  from  the  rating 
which  might  be  arrived  at  from  the  quality  of  immunity  from  insects. 
Taking  the  large  and  medium-sized  trees  only  (36  species  in  all),  Mr. 
Fernow's  rating  stands  as  follows,  only  the  total  gained  by  the  addition 
of  the  ratings  in  the  several  qualities  considered  being  given: 


Variety  of  tree. 


Total 

rating 

(Fernow). 


Insect 

rating 

(Howard). 


LARGE-SIZED  TREES. 

Red  oak  (Quercus  rubra) 22 

Scarlet  oak  (Quercus  coccinea) 22 

Yellow  oak  ( Quercus  velutina) 22 

American  elm  ( Ulmus  americana) I  22 

Sugar  maple  (Acer  saccharum) 19 

Black  maple  (Acer  nigrum) 19 

Tulip  tree  (Liriodendron  tulipifera) !  19 

European  linden  (Tilia  vulgaris) 19 

Small-leafed  linden  (Tilia  microphylla) j  19 

Sweet  gum  (Liquidambar  styraciflua) 19 

White  oak  (Quercus  alba) 19 

Bur  oak  ( Quercus  macrocarpa) :  19 

Oriental  plane  tree  (Platanus  orienlalis) i  19 

Kentucky  coffee  tree  ( Gymnocladus  divisus) i  19 

American  plane  tree  (Platanus  occidentalis) ;  18 

Sycamore  maple  (Acer pseudo-platanut) ,  17 

American  linden  (Tilia  amerieana) 17 

MEDIUM  SIZED  TREES. 

Red  maple  (Acer  rubrum) 22 

Shingle  oak  ( Quercus  imbricaria) 21 

Willow  oak  (Quercus  phellos) 21 

Slippery  elm  ( Ulmus  pubescens) 21 

Norway  maple  ( Acer  platanoides) 20 

Box  elder  (Negundo  negundo) 20 

European  elm  ( Ulmus  campestris) 19 

Scotch  elm  ( Ulmut  montana) i  19 

Hackberry  ( Celtis  occidentalis) !  19 

Silver-leafed  maple  (Acer  saccharinum) |  17 

Tree  of  heaven  (Ailanthus  glandulosa) !  16 

Horse  chestnut  (&sculus  hippocastanum ) i  16 

Japanese  sophora  (Sophora  japonica) 10 

Hardy  catalpa  ( Catalpa  fpeciosa) 16 

Gingko  (Gingko  biloba) 16 

Honey  locust  ( Oleditschia  triacanthos) 15 

Cotton  wood  (Populus  monilifera) 15 

Balm  of  Gilead  (Populus  balsamifera  v.  candicans) 15 

Black  locust  (Robinia  paeudacacia) 14 


2.5 
2.5 
2.5 
1.5 
2.5 
2.5 
3.0 
1.5 
2.0 
2.0 
2.0 
2.0 
1.5 
2  0 
1.5 
20 
1.5 

2.0 
2.0 
2.5 
2.0 
2.0 
.0 
.5 
1.0 
1.5 
1.5 
2.5 
2.0 
2.5 
2.0 
3.0 
1.  0 


The  writer  has  made  ratings  of  these  same  trees  according  to  their 
immunity  from  the  attacks  of  insects,  the  trees  most  immune  being 
rated  at  3  and  those  most  attacked  by  insects  at  0.  The  figures  relat- 
ing to  insect  attack  are  displayed  above  in  a  contrasted  column  next  to 
the  total  rating,  and  in  order  that  tbe  relative  importance  from  the 


insect  standpoint  may  be  seen  at  a  glance  the  same  trees  have  been 
rearranged  in  a  separate  table  as  follows: 


Variety  of  tree. 


Gingko  (Ginyko  biloba) 

Tulip  tree  (Liriodendron  tulipifcra) 

Sugar  maple  (Acer  Saccharum) 

1  Red  oak  (Quercus  rubra) 

Tree  of  heaven  (Ailanthus  glandulosa) . . 

1  Scarlet  oak  ( Quercus  coccinea) 

Yellow  oak  ( Quercus  velutina) 

Willow  oak  ( Quercus  phellos) 

Black  maple  (Acer  nigrum) 

Japanese  sopbora  (Sophora  japonica) . . . 
Horse-chestnut  (^Esculus  hippocasta- 

num) 

Bed  maple  (Acer  rubrum)  

Small-leafed  linden  (Tilia  microphylla)  . 

White  oak  (Quercus  alba) 

Sweet  gum  (Liquidambar  styraciflua).. 

Bur  oak  ( Quercus  macrocarpa) 

Kentucky  coffee  tree  (Gymnocladus 

diviaus) 

Sycamore  maple  (Acer  pseudo-plalanus) . 


Insect 
rating. 

3.0 
3.0 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 


Variety  of  tree. 


Shingle  oak  ( Quercus  imbricaria) 

Slippery  elm  ( Ulmus  pubesccns) 

Norway  maple  (Acer  platanoides) 

Hardy  catalpa  (Catalpa  tpeciosa) 

European  linden  (Tilia  vulgaris) 

American  elm  ( Ulmus  americana) 

Hackberry  ( Celtis  occidentalis) 

Silver-leafed  maple  (Acer  saccharinum) 
Oriental  plane  tree  (Platanus  orientalis) 
American  plane  tree  (Platanus  occi- 

dentalitt) 

American  linden  (Tilia  americana) 

Honey  locust  (Gleditschia  triacanthos) . 

Scotch  elm  ( Ulmus  montana) 

Cottonwood  (Populus  monilifera) 

Balm  of  Gilead  (Populus  balsamifera  v. 

candicans) 

European  elm  ( Ulmus  campestris) 

Black  locust  (Robinia  pseudacacia) 

Box  elder  (Negundo  negundo) 


Insect 
rating. 


2.0 

2.0 

2.0 

2.0 

1.5 

1.5 

.5 

.5 

.5 


1  This  estimate  of  the  red  oak  and  scarlet  oak  was  based  largely  on  the  beautiful 
condition  of  certain  trees  growing  in  the  streets  of  Washington,  D.  C.  Since  the 
publication  of  the  Yearbook  article,  however,  several  of  these  trees  have  developed 
rather  serious  cases  of  insect  injury.  The  locust  borer  (Xyleutes  robinice)  has  attacked 
a  number  of  the  trees,  and  although  it  is  not  apparently  weakening  their  vitality  to 
any  serious  extent,  still  it  bids  fair  to  do  considerable  damage.  The  trees  have  been 
treated  by  injecting  a  small  quantity  of  bisulphide  of  carbon  into  the  burrows  and 
covering  the  opening  with  putty.  In  a  few  cases  the  obscure  scale  (Aspidiotus 
obxcurus)  has  attacked  these  trees.  It  has  not  as  yet  killed  any  branches,  but  it 
multiplies  as  abundantly  as  its  dangerous  relative,  A.  tenebricosus,  of  the  maple,  and 
I  see  no  reason  why  it  should  not  be  an  equally  injurious  species.  This  experience 
somewhat  shakes  the  confidence  of  the  writer  in  his  estimate  of  the  rating  of  these 
oaks,  but  not  to  any  very  serious  extent. 

It  will  be  noticed  that  the  trees  listed  by  Mr.  Feruow  which  we  find 
to  be  most  immune  are  the  gingko  and  the  tulip  tree.  Outside  of  the 
grounds  of  the  Department  of  Agriculture  at  Washington  and  Cen- 
tral Park,  New  York,  few  gingko  trees  are  grown  in  this  country, 
except  as  occasional  isolated  examples.  The  tree  itself  is  a  very 
beautiful  one,  and  singularly  free  from  insect  attack.  In  the  long 
double  row  of  these  trees,  now  nearly  twenty-five  years  old,  on  the 
grounds  of  the  Department  of  Agriculture,  but  one  species  of  injuri- 
ous insect  has  ever  been  found,  and  the  work  of  this  species  is  very 
insignificant.  It  is  the  little  sulphur-yellow  leaf  roller,  Tortrix  sul- 
phur tana. 

The  tulip  tree,  which  is  given  the  same  rating,  is,  for  practical  pur- 
ses, almost  as  exempt  as  the  gingko.     Of  late  years  in  the  District 


24 


of  Columbia  it  has  been  rather  extensively  infested  by  a  plant  louse 
(iSiphonophora  liriodendri),  but  although  the  lice  occur  on  the  leaves 
in  great  numbers,  the  general  appearance  of  the  trees  has  not  suffered. 
There  is  a  little  gall  midge  which  produces  little  black  spots  on  the 
tulip  tree  leaves  and  disfigures  them  to  some  extent,  and  quite  recently 
Mr.  Schwarz  has  found  that  tulip  scrub  is  affected  to  some  extent  in 
the  District  of  Columbia  by  a  little  bark-boring  beetle. 

The  box  elder  is  a  singularly  unfortunate  choice  for  a  shade  tree  in 
this  climate.  It  is  almost  defoliated  by  the  webworm,  it  is  sought 
after  by  the  tussock  moth,  and  various  leaf-rollers  attack  it  as  well  as 

certain  destructive  borers. 
In  the  West  the  box-elder 
plant-bug  (Leptocoris  trivit- 
tatus)  breeds  upon  it  in 
enormous  numbers,  and  not 
only  damages  the  trees  to  a 
serious  extent,  but  causes 
much  further  annoyance  by 
entering  houses  for  hiber- 
nation. 

The  European  elm  is  given 
a  low  rank,  almost  entirely 
on  account  of  its  annual  de- 
foliation by  the  imported 
elm  leaf-beetle. 

The  honey  locust  and  the 
black  locust,  while  not  defo 
liated  to  the  same  extent  ar 
many  other  trees  by  the  web- 
worm  and  the  tussock-moth 
caterpillar,  are  rendered 
very  unsightly  almost  every 
year  by  the  work  of  a  leaf- 
mining  Hispid  beetle  and  of 
certain  Lepidopterous  leaf 
miners.  They  are  also  fre- 
quently killed  by  the  large  Lepidopterous  borer,  Xyleutes  robinice,  and 
certain  Coleopterous  borers  also  infest  them. 

From  the  insect  standpoint,  there  are  several  fine-growing  orna- 
mental trees  on  the  grounds  of  the  Department  of  Agriculture,  not 
listed  above,  which  are  seldom  attacked  by  insects.  The  beeches, 
hornbeams,  alders,  and  magnolias  have  very  few  insect  enemies,  and 
are  rarely  defoliated  by  either  of  the  principal  leaf-eating  caterpillars. 
With  regard  to  the  extreme  attractiveness  which  the  European  elm 
possesses  for  the  imported  elm  leaf  beetle,  the  question  is  frequently 
asked  whether  it  would  not  be  better  to  cut  down  all  European  elujs 


FIG.  9 — Fall  webworm  (Ryphantria  cunea), 
cocoons— natural  size  (original). 
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growing  in  parks  or  in  rows  with  American  elms.  Such  a  course, 
however,  would  seem  to  be  undesirable.  After  the  elm  leaf-beetle  has 
established  itself  in  a  given  locality,  it  will  attack  the  American  elms 
to  a  very  serious  extent,  in  the  absence  of  its  favorite  food  plant.  It 
is,  therefore,  better  to  allow  a  few  European  elms  to  remain.  These 
will  then  act  as  trap  trees,  and  the  necessity  for  treating  a  large  num- 
ber of  trees  will  in  most  cases  be  greatly  reduced. 

In  selecting  shade  trees,  particularly  for  small  cities  and  towns  in 
agricultural  regions,  and  even  to  a  considerable  extent  in  large  cities, 
the  relative  honey-producing  qualities  of  the  proposed  shade  trees  is 
a  matter  of  some  little  importance;  not  so  much,  perhaps,  in  the  mat- 
ter of  actual  food  for  the  ordinary  honeybee  as  in  that  of  the  increase 
of  bees  on  account  of  their  great  value  as  cross  fertilizers  of  orchard 
trees  and  forage  crops.  From  this  point  of  view,  there  are  five  very 
important  honey  producers  among  the  principal  shade  trees.  These 
are,  in  order  of  importance:  American  linden,  tulip  tree,  black  locust, 
horse-chestnut,  and  sugar  maple. 

GENERAL   WORK  AGAINST   SHADE-TREE   INSECTS   IN   CITIES  AND 

TOWNS. 

The  question  of  proper  work  against  the  insects  which  affect  shade 
trees  in  cities  and  towns  naturally  divides  itself  under  two  heads:  (1) 
What  can  be  efficiently  and  economically  done  by  city  governments'? 
(2)  If  city  or  town  administrators  will  not  appropriate  a  small  amount 
of  money  to  carry  on  work  of  this  kind,  what  can  citizens  who  are 
interested  in  the  preservation  of  shade  trees  do.? 

The  planting  of  shade  trees  seems  to  be  considered  a  legitimate  func- 
tion of  the  board  of  public  works  in  every  municipality.  It  is  some- 
times done  by  a  specially  appointed  officer,  under  the  control  of  the 
superintendent  of  streets  and  sewers ;  or  it  is  placed  in  charge  of  a 
subcommittee  of  the  board,  or  a  special  commission  of  outsiders  is 
appointed  to  superintend  the  work.  Admitting  that  the  planting  of 
shade  trees  is  a  public  matter,  their  care  should  also  be  a  public  duty. 
Yet  in  not  one  of  the  larger  or  smaller  cities  of  the  Eastern  United 
States  with  which  the  writer  is  familiar  is  any  proper  amount  of  work 
done  by  the  public  authorities  against  shade-tree  insects.  New  York  is 
the  only  city  in  the  country '  where  a  man  of  entomological  knowledge 
is  employed  to  direct  operations  against  shade- tree  insects,  either  in  the 
streets  or  the  public  parks.  The  writer  does  not  wish  to  be  understood 
as  advocating  the  appointment  of  a  paid  entomologist  by  every  city 
government,  although  where  the  parks  are  large  in  cities  situated 
within  the  region  of  greatest  shade  tree  insect  activity,  such  a  course 
is  always  desirable.  With  an  intelligent  and  industrious  superintend- 
ent of  parks,  or  a  city  forester,  or  whatever  he  may  be  termed,  and  the 
wise  expenditure  of  a  comparatively  small  amount  of  money  each  year, 


the  shade  trees   of  any  city   could  be  kept   green   throughout  the 
summer. 

The  amount  of  money  to  be  expended  in  this  direction  would  natu- 
rally vary  with  the  number  of  trees  to  be  attended  to,  as  well  as  with 
the  variety  and  the  size  of  the  trees  and  the  geographical  location  of 
the  city.  Even  in  Brooklyn,  however  (and  this  seems  to  the  casual 
observer  to  be  the  most  unfortunate  of  all  our  Eastern  cities  from  this 
standpoint),  it  is  within  bounds  to  estimate  that  the  expenditure  of 
$4,000  to  $5,000  a  year  would  result  in  green  shade  trees  the  summer 

through.  This  amount, 
moreover,  will  in  all  proba- 
bility not  need  to  be  an  an 
uual  appropriation.  The 
first  cost  of  a  proper  spray- 
ing apparatus  will  have  to 
be  added,  but  the  appara 
tus  once  purchased  and 
thorough  work  performed 
for  two  or  three  years  con 
secutively,  the  probabili- 
ties are  strong  that  the 
number  of  shade  tree  in- 
sects would  be  reduced  to 
such  an  extent  that  a  con- 
siderably smaller  annual 
expenditure  would  be  suf- 
ficient. 

The  question  of  proper 
spraying  apparatus  is  a 
rather  serious  one,  since  in 
this  direction  a  considera- 
ble amount  of  money 
should  be  expended.  A 
steam  apparatus  will  do  the 
work  with  much  greater 
rapidity  than  a  Land  pump ; 
and  yet  with  a  strong, 
double-acting  force  pump,  which  can  be  operated  by  a  single  man,  and 
a  tank  of  100  gallons  capacity,  mounted  upon  a  strong  cart,  many  large 
trees  can  be  well  sprayed  in  the  course  of  a  day.  From  such  a  pump  two 
lines  of  hose  may  be  run  with  advantage.1  The  working  force  of  such 
an  apparatus  should  be  a  horse  to  draw  the  cart,  a  man  to  drive  and  do 
the  pumping,  and  one  man  to  each  line  of  hose.  Several  such  machines 

1  In  the  Yearbook  of  this  Department  for  1896  will  be  found  an  article  by  the 
writer  entitled  "The  use  of  steam  spraying  apparatus,"  to  which  persons  interested 
in  such  matters  are  referred  in  this  connection. 


FIG.  10. — Fall  web  worm,  a,  light  form  of  full-grown  larva; 
&,  dark  form  of  same;  c,  pupa;  d,  spotted  form  of  moth 
(compare  fig.  9) — all  slightly  enlarged  (original). 
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have  been  used  with  good  results  iu  the  work  of  the  Gypsy  Moth 
Commission,  both  for  street  trees  and  iu  the  public  parks.  A  steam 
apparatus,  however,  of  such  a  capacity  that  a  pressure  of  75  pounds 
per  square  inch  may  be  gained  will  enable  the  operation  of  four  or 
five  lines  of  hose  simultaneously.  The  rapidity  of  work  will  therefore 
be  doubled,  and  certainly  by  the  use  of  two  such  pumps  the  shade  trees 
of  any  ordinary  city  can  be  gone  over  with  sufficient  rapidity  to  destroy 
all  insects  within  the  required  time.  A  boiler  mounted  on  a  truck,  the 
boiler  to  be  complete  with  all  fixtures,  smokestack,  bonnet,  firing  tools, 
springs  to  the  truck,  and  a  pump  having  a  capacity  of  10  to  20  gallons 
a  minute  connected  with  the  boiler  ready  for  operation,  can  be  pur- 
chased for  a  sum  well  within  $500.  This  truck  should  be  mounted  on 
wheels  with  broad  tires,  for  running  over  sandy  roads.  Connecting 


FIG.  11.— Fall  webworm.    Suspended  larva  and  section  of  web— natural  size  (original). 

this  apparatus  with  a  proper  tank  cart  would  be  an  additional  expense, 
not  to  exceed  $100  for  a  tank  of  a  capacity  of  200  gallons.  Such  an 
apparatus,  furnished  with  hose  and  smoothbore  nozzles  of  about  one- 
sixteenth  inch  iu  diameter,  when  discharging  under  40  pounds  pres- 
sure from  each  of  several  such  nozzles,  would  spray  about  half  a  gal- 
lon of  insecticide  mixture  per  nozzle  per  minute. 

A  strong  steam  pump,  to  be  used  in  connection  with  a  small  oil- 
burning  boiler,  the  whole  apparatus  on  a  smaller  scale  than  that 
described  above,  has  been  estimated  at  $275  by  a  prominent  New  York 
firm,  delivered  on  board  the  cars. 

There  is  no  reason  why  an  old  steam  fire  engine  could  not  be 
readily  arranged  for  this  shade  tree  spraying  work.  In  one  or  two 
instances  a  steam  fire  engine  has  been  used  for  this  purpose  without 


28 

modification,  the  object  being  simply  to  knock  the  insects  from  the 
trees  by  means  of  a  strong  stream  of  water.  By  such  means  as  this 
the  Superintendent  of  the  Military  Academy  kept  the  elm  trees  green 
at  West  Point  several  years  ago.  In  every  large  city,  where  the  fire 
department  is  necessarily  kept  in  the  best  condition,  an  engine  is 
occasionally  retired.  The  transfer  of  such  a  retired  engine  to  the 
street  department  could  no  doubt  be  readily  made,  and  a  little  work 
by  a  competent  steam  fitter  could  transform  it  into  a  most  admirable 
insecticide  machine.  In  this  way  the  initial  expenditure  for  machinery 
would  be  avoided. 

When  the  spraying  apparatus  has  once  been  provided,  the  funds 
necessary  for  the  purchase  of  insecticides  and  the  necessary  labor  at 
the  proper  time  must  be  available.  If  the  work  is  not  done  promptly 
and  at  just  the  right  time,  more  or  less  damage  will  result,  and  a 
greater  expenditure  will  be  necessary.  During  the  latter  part  of  May 
and  the  first  part  of  June,  in  the  case  of  nearly  all  prominent  shade- 
tree  insects,  one  or  two  thorough  sprayings  must  be  made.  In  fact,  a 
second  spraying,  begun  immediately  after  the  completion  of  the  first 
one,  will  in  ordinary  cases  be  as  much  as  need  be  expected.  In  addi- 
tion to  this  spraying  work,  a  force  of  men  must  be  employed  for  a  time 
in  July  to  destroy  the  elm  leaf-beetle  larvae  as  they  are  descending  to 
the  ground  and  to  burn  the  webs  of  the  first  generation  of  the  fall 
webworm.  This  will  finish  the  summer  work.  The  winter  work  will 
consist  of  the  destruction  of  the  eggs  of  the  white-marked  tussock 
moth,  the  cocoons  of  the  fall  webworm,  and  the  bags  of  the  bagworm. 
The  number  of  men  to  be  employed  and  the  time  occupied  will  depend 
upon  the  exigencies  of  the  case.  Upon  the  thoroughness  of  this  work 
will  depend,  to  a  large  extent,  the  necessity  for  a  greater  or  less  amount 
of  the  summer  work  just  described. 

We  have  now  to  consider  what  can  be  done  by  citizens  where  city 
governments  will  not  interest  themselves  in  the  matter.  It  is  unrea- 
sonable to  expect  that  a  private  individual  will  invest  in  a  spraying 
apparatus  and  spray  the  large  shade  trees  in  front  of  his  grounds. 
Therefore,  in  spraying  operations  where  large  trees  exist  in  numbers 
there  must  be  combination  of  resources.  This  affords  an  opportunity 
for  the  newly  invented  business  of  spraying  at  so  much  per  tree.  A 
resident  of  Bridgeport,  Conn.,  who  was  formerly,  and  is  yet  for  tlie 
greater  part  of  the  year,  a  roofer  and  paver,  has  constructed  several 
cart  sprayers,  and  during  the  months  of  June  and  July  (at  a  time,  by 
the  way,  when  the  men  in  his  employ  are  apt  to  be  out  of  work)  he 
sprays  trees  on  the  grounds  of  private  individuals  and  along  the 
streets  in  front  of  their  grounds,  under  contract,  at  so  much  per  tree, 
guaranteeing  to  keep  the  trees  in  fair  condition  during  the  season. 
His  work  has  been  directed  solely  against  the  elm  leaf-beetle,  since 
that  is  the  only  insect  of  great  importance  in  Bridgeport.  In  the 
month  of  July,  1894,  the  writer,  in  driving  through  the  streets  of 
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Bridgeport,  found  it  easy  to  pick  out  the  trees  which  had  been  treated 
in  this  way.  Such  elms  were  green,  while  all  others  were  brown  and 
nearly  leafless.  The  defect  of  this  plan  as  a  general  practice  lies  in 
the  tact  that  not  all  property  owners  or  residents  can  afford  to  employ 
a  tree  sprayer,  while  others  are  unwilling,  since  they  deem  it  the  busi- 
ness of  the  city  authorities,  or  do  not  appreciate  the  value  of  tree 
shade. 

Any  effort,  therefore,  looking  toward  the  arousing  of  popular  senti- 
ment or  the  banding  together  of  the  citizens  in  the  interests  of  good 
shade  is  desirable.  A  most  excellent  plan  was  urged  by  one  of  the 
Washington  newspapers  in  the  summer  of  1894.  It  advocated  a  tree- 
protection  league,  and  each  issue  of  the  paper  through  the  summer 
mouths  contained  a  coupon  which  recited  briefly  the  desirability  of 
protecting  shade  trees  against  the  ravages  of  insects,  and  enrolled  the 
signer  as  a  member  of  the  league,  pledging  him  to  do  his  best  to 
destroy  the  injurious  insects  upon  the  city  shade  trees  immediately 
adjoining  his  residence.  This  is  only  one  of  several  ways  which  might 
be  devised  to  arouse  general  interest.  The  average  city  householder 
seldom  has  more  than  a  half  dozen  street  shade  trees  in  front  of  his 
grounds,  and  it  would  be  a  matter  of  comparatively  little  expense  and 
trouble  for  any  family  to  keep  these  trees  in  fair  condition.  It  needs 
only  a  little  intelligent  work  at  the  proper  time.  It  means  the  burning 
of  the  webs  of  the  fall  web  worm  in  May  and  June;  it  means  the 
destruction  of  the  larvae  of  the  elm  leaf-beetle  about  the  bases  of  elm 
trees  in  late  June  and  July;  it  means  the  picking  off  and  destruction 
of  the  eggs  of  the  tussock  moth  and  the  bags  of  the  bagworm  in  win 
ter,  and  equally  simple  operations  for  other  insects  should  they  become 
especially  injurious.  What  a  man  will  do  for  the  shade  and  ornamental 
trees  in  his  own  garden  he  should  be  willing  to  do  for  the  shade  trees 
10  feet  in  front  of  his  fence. 
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INJURIES    TO    FORESTS    AND    FOREST    PRODUCTS    BY 
ROUNDHEADED  BORERS. 

By  J.  L.  WEBB, 
Agent  and  Expert,  Forest  Insect  Investigations,  Bureau  of  Entomology. 

FOREST  INSECT  DEPREDATIONS. 

In  recent  years  much  stress  has  been  laid  upon  the  conservation  of 
natural  resources  in  the  United  States.  Of  these  resources,  the  forests 
have  probably  absorbed  more  attention  than  any  other.  Vast  areas 
have  been  set  aside  from  the  public  domain  as  National  Forests  in 
order  that  the  timber  supply  of  the  country  shall  not  become  ex- 
hausted. Much  has  been  said  on  the  subject  of  damage  by  fire  to  the 
forests,  and  it  is  fully  realized  that  this  is  an  ever-present  danger. 
But  a  more  insidious  and  equally  relentless  foe  of  the  forests  is  found 
in  the  form  of  insects  which  work  terrible  destruction,  often  unno- 
ticed until  the  damage  is  done.  The  immense  destruction  to  living 
forests  by  certain  scolytid  barkbeetles,  as  well  as  the  injurious  work 
of  flat-headed  borers,  have  been  given  attention  in  former  Yearbook 
articles.  In  this  article  another  group  containing  many  injurious 
species  is  discussed,  namely,  roundheaded  borers.  The  information 
conveyed  in  this  paper  is  based  almost  entirely  on  the  material  and 
records  of  the  forest  insect  collection  of  the  Bureau  of  Entomology. 

ROUNDHEADED    BORERS. 

Roundheaded  borers  are  so  called  to  distinguish  them  from  the 
flat-headed  borers.1  The  general  appearance  is  that  of  an  elongate, 
fleshy,  yellowish-white  grub,  sometimes  bearing  three  pairs  of  legs 
and  sometimes  without  legs.  The  head  is  more  or  less  oval  in  shape, 
though  sometimes  elongate,  and  often  deeply  retracted  within  the 
first  prothoracic  segment,  which  is  situated  immediately  behind  the 
head.  The  head  is  provided  with  a  strong  pair  of  jaws  or  mandibles, 
>rown  or  black  in  color,  for  cutting  through  plant  tissue.  Some  spe- 
cies mine  only  in  the  bark  of  trees,  some  mine  in  both  bark  and 
wood,  and  some  confine  themselves  to  herbaceous  plants.  In  each 
case  the  borer  is  hatched  from  an  egg  laid  upon  or  in  the  bark  or 

1  See  "  Injuries  to  forest  trees  by  flat-headed  borers,"  Yearbook,  1909,  p.  399. 
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wood  by  the  parent  beetle.  It  lives  and  feeds  entirely  within  the 
bark  or  wood  until  it  attains  its  full  growth,  when  it  changes  to  the 
pupa,  or  resting  stage,  within  its  burrow.  The  pupa  later  transforms 
to  a  beetle,  which  emerges  and  flies  in  search  of  suitable  places  to 
repeat  the  process  of  propagating  the  species.  In  nearly  every  in- 
stance the  entire  damage  is  done  while  the  insect  is  in  the  grub,  or 
borer,  stage.  This  form  is  therefore  the  most  important  from  an  eco- 
nomic standpoint. 

ECONOMIC   IMPORTANCE. 

Some  species  of  roundheaded  borers  kill  trees  outright  by  mining 
in  the  bark,  thus  destroying  the  vitality  of  the  tree,  while  others 
injure  the  wood  of  dead,  dying,  or  felled  trees,  or  timbers  manufac- 
tured from  such  trees.  Still  others  both  kill  the  trees  and  injure  the 
wood  for  commercial  purposes.  The  annual  loss  to  owners  of  forest 
trees  and  forest  products  from  this  source,  if  figured  up  in  dollars 
and  cents,  would  amount  to  a  sum  far  in  excess  of  what  the  ordinary 
individual  would  think  possible. 

CHARACTER  OF  WORK. 

The  work  of  this  class  of  insects  usually  appears  as  irregular  wind- 
ing mines  or  "  wormholes  "  in  the  bark  and  wood.  The  mine  always 
starts  in  the  bark,  where  the  minute  larva  just  hatched  from  the  egg 
starts  to  bore  and  feed.  At  first  the  mine  is  very  small,  but  gradually 
becomes  larger  as  the  borer  advances  and  grows  in  size.  As  already 
indicated,  the  work  of  some  species  is  confined  entirely  to  the  bark. 
The  work  of  other  species  is  found  in  both  bark  and  wood.  In  this  case 
the  mine  is  continuous  from  bark  to  wood,  the  entrance  into  the  wood 
being  a  flattened  oval  hole.  That  part  of  the  mine  which  is  in  the 
wood  may  be  long  or  short,  according  to  the  species.  In  general  it  is 
more  or  less  winding  and  irregular,  contains  borings  and  woody  excre- 
ment, and  finally  broadens  out  into  a  cell  or  "  pupal  chamber."  At  the 
farther  end  of  this  cell  the  mine,  or  "  exit  burrow  "  as  it  now  becomes, 
usually  leads  directly  to  the  surface  by  the  shortest  route.  Upon  the 
surface  it  usually  appears  as  a  perfectly  round  "  exit  hole  "  (fig.  21,  d). 

LIFE  HISTORY  AND  HABITS. 

As  a  usual  thing  the  adult  female  beetle  lays  an  egg  or  a  cluster  of 
eggs  either  in  or  upon  the  bark  in  the  spring,  summer,  or  early  fall. 
Sometimes  the  parent  female  excavates  a  pit  in  the  bark  with  her 
mandibles,  through  which  the  eggs  are  thrust  by  means  of  the  ovi- 
positor. In  other  cases  eggs  may  be  deposited  in  crevices  of  the  bark 
or  under  the  overlapping  scales  of  bark.  In  a  few  days  after  the  egg  is 
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deposited  a  minute  wormlike  larva  (fig.  10,  c)  issues  therefrom  and 
immediately  begins  boring  into  the  bark  with  which  it  finds  itself  in 
contact.  The  larva  usually  proceeds  directly  to  the  inner  bark,  or 
cambium,  immediately  next  to  the  wood.  Here  the  larva  mines  and 
feeds  until  it  reaches  a  certain  growth,  when  it  makes  preparation  for 
a  change  called  pupation.  The  entire  growth  of  the  insect  is  attained 
in  the  larval  form. 
Usually,  before  it  at- 
tains full  growth,  how- 
ever, the  larva  mines 
either  into  the  solid 
wood  or  into  the  outer 
corky  bark  and  digs  out 
an  elongate  oval  cell, 
in  which  it  will  soon 
pupate.  From  the  far- 
ther end  of  the  pupal 
cell  the  larva,  as  a  gen- 
eral thing,  extends  the 
mine  almost  to  the  sur- 
face of  the  tree  or  log, 
in  order  to  facilitate  its 
emergence  into  the  open 
air  when  it  has  gone 
through  its  changes  in 
the  pupal  cell  to  the 
adult  or  beetle  form. 
This  wrork  completed,  it- 
retires  to  the  pupal  cell 
and  awaits  the  change 
to  the  pupal  form. 
Finally  the  outer  skin 
comes  off  and  the  insect 
has  an  entirely  different 
form  and  appearance 
(tig,  20,  d).  It  is  now 
a  pupa.  The  length  of 
time  passed  in  this  form 
is  variable  with  the 
species  and  with  the  local  conditions,  the  pupa  resting  perfectly 
quiescent  in  its  cell  during  this  period.  At  length  another  change 
takes  place  and  the  insect  is  in  the  adult  or  beetle  stage  (fig.  20,  &). 
At  first  the  beetle  retains  the  white  color  of  the  pupa  and  ^arva,  and 
the  outer  tissue  of  the  body  is  quite  soft.  But  gradually  the  color 
turns  darker  and  the  outer  tissue  becomes  hard  and  chitinous.  When 


FIG.  19. — Work  of  the  western  larch  bark-borer  (Te- 
tropium  velutinum).  Sections  of  bark  of  western 
larch :  a,  Cluster  of  eggs  deposited  under  overlap- 
ping scale  of  outer  bark,  the  overlapping  scale,  In 
this  instance,  having  been  removed  ;  6,  inner  surface 
of  bark  with  newly  started  mines  ;  c,  small  larva,  a 
few  days  old.  Slightly  enlarged.  (Original.) 
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fully  hardened  and  mature  the  young  beetle  crawls  into  the  mine 
leading  away  from  the  pupal  cell  and  completes  this  mine  to  the  sur- 
face of  the  tree  or  log.  It  then  flies  away.  Mating  and  egg  laying 
soon  follow  to  provide  for  another  generation. 

SEASONAL    HISTORY. 

Probably  in  the  great  majority  of  cases  the  larva  does  not  change 
to  the  pupa  until  the  spring  following  the  season  in  which  the  egg 
ia  laid,  passing  the  winter  either  in  the  larval  mine  or  in  the  pupal 
cell.  However,  pupation  may  take  place  in  the  fall  and  the  winter 
be  passed  in  this  stage,  or  the  adult  stage  may  be  reached  in  the  fall 
and  the  winter  be  passed  in  this  form  within  the  pupal  cell.  The 
following  spring  the  larva?  which  have  wintered  over  transform  to 
pupae.  The  pupa?  soon  transform  to  adults  and  the  adults  emerge 
and  take  flight.  Likewise,  the  pupae  which  have  wintered  over  trans- 
form to  adults  and  emerge.  The  first  to  emerge,  however,  are  those 
individuals  which  have  wintered  over  as  adults.  Sometimes  a  spe- 
cies may  have  two  generations  a  year,  or  a  partial  second  genera- 
tion. In  these  cases  development  takes  place  rapidly  after  the  eggs 
are  laid  in  the  spring,  the  adult  insects  of  the  first  generation  emerg- 
ing in  late  summer  or  fall,  and  laying  eggs  for  the  second  generation. 
The  second  generation  passes  the  winter  as  outlined  above.  In  still 
other  and  more  rare  cases  two  or  more  years  may  be  necessary  for  the 
complete  development  of  certain  species. 

THE    WESTERN    LARCH    BARK-BORER. 

(Tetropium  velutinum  Lee.) 

At  the  present  time  the  western  larch  bark-borer  is  quite  a  serious 
pest  in  the  Glacier  National  Park  in  Montana.  In  the  vicinity  of 
Lake  McDonald  about  10  per  cent  of  the  stand  of  western  larch  or 
tamarack  is  being  killed  annually  by  this  bark-borer.  Besides  larch 
it  attacks  fir,  Douglas  fir,  western  hemlock,  and  pine,  in  the  Rocky 
Mountain  and  Pacific  coast  regions. 

The  eggs  are  deposited  in  clusters  under  overlapping  scales  of  bark 
(fig.  19,  a)  and  the  minute  larva?  hatching  therefrom  proceed  to  the 
inner  bark,  where  they  immediately  commence  their  mines  (fig.  19,  &). 

The  work  of  this  borer  in  larch  is  confined  to  the  bark,  though  in 
some  of  the  other  host  trees  mentioned  above  it  sometimes  enters  the 
sapwood.  The  larval  mine  is  irregular  and  winding  in  the  inner 
bark.  The  number  of  mines  is  so  great  as  to  completely  girdle  the 
tree  and  cut  off  the  sap,  thereby  causing  the  death  of  the  tree.  Often 
almost  the  entire  inner  layer  of  bark,  or  cambium,  is  destroyed  for 
quite  a  considerable  space  upon  the  trunk  (fig.  20,  a). 
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The-grub  (fig.  20,  c)  is  elongate  and  somewhat  cylindrical,  yellowish 
white  in  color,  and  about  1  inch  long  when  full  grown.  Its  mouth- 
parts  are  dark  brown  to  black,  and  the  under  side  of  the  body  is  pro- 
vided with  three  pairs  of  minute  legs.  It  lives  in  the  bark  about  a 
year,  emerging  in  the  spring  or  summer  as  an  elongate,  brownish 
to  black  beetle  (iig. 
20,  ?>),  the  surface  of 
the  body  having  a 
velvety  appearance. 
The  beetle  ranges  in 
length  from  9  to  19 
mm.1  The  principal 
time  of  emergence  is 
May  and  June.  This 
species  attacks  either 
healthy,  injured,  or 
felled  trees. 

The  methods  of 
control  are  preven- 
tive. Once  a  tree  is  <^c 
badly  infested  noth- 
ing can  be  done  to 
save  that  particular 
tree.  Something  can 
be  done,  however,  to 
stop  the  spread  of 
the  infestation  to 
other  trees.  Infested 
trees  should  be  felled 
and  barked  and  the 
bark  burned  before 
May  15.  Something 
could  also  be  accom- 
plished by  the  use  of 
trap  trees.  As  the 
insect  breeds  readily 
in  felled  trees,  a  few 
healthy  trees  felled  in  May  or  June  near  those  infested  would  attract 
the  beetles  which  would  otherwise  deposit  their  eggs  in  healthy  trees. 
Later  in  the  season,  or  before  the  following  spring,  the  bark  should 
be  stripped  off  the  trap  trees  and  burned. 
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FIG.  20. — Work  of  the  western  larch  bark-borer  (Tetropium 
velutinum).  Section  of  bark  of  western  larch:  a,,  Com- 
pleted larval  mines  in  inner  bark ;  b,  adult  beetle ;  c, 
larva ;  d,  pupa.  Insects  approximately  natural  size. 
(Original.) 
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THE    SOUTHERN    PINE    SAWYER. 
(Monahammus  titillator  Fab.) 

Within  recent  years  the  States  of  the  extreme  south  have  suffered 
severely  from  cyclones  and  other  windstorms.  An  immense  amount 
of  pine  timber  has  been  felled  by  these  storms.  In  practically  every 
case  great  damage  has  been  done  to  the  fallen  timber  by  the  southern 
pine  sawyer  over  the  entire  area  covered  by  the  storm.  It  has  been 
estimated  that  during  the  years  1906,  1907,  and  1908  the  pecuniary 
loss  from  this  source  in  the  Southern  States  was  over  $6,000,000.1 


FIG.  21. — Work  of  the  southern  pine  sawyer  (Monohammus  titillator).  Section  of 
trunk  of  storm-felled  longleaf  pine,  showing :  a,  Egg  pit  in  bark  ;  6,  entrance  hole  of 
larva  into  wood ;  c,  pupal  cell ;  d,  emergence  hole ;  e,  <j,  h,  sections  of  larval  mines ; 
f,  scored  surface  of  wood,  scoring  done  by  larva  preparatory  to  entering  wood ;  i,  larva ; 
/,  adult.  Insect  one-half  natural  size.  (Original.) 

This  insect  never  attacks  healthy  trees,  but  only  those  already 
dead,  dying,  or  felled.  The  damage  to  each  tree  or  log  is  the  work 
of  the  larvae  or  grubs  which,  after  first  mining  in  the  bark,  mine  in  and 
through  the  sapwood,  and  even  penetrate  the  heartwood,  making  large 
unsightly  holes  (see  fig.  21)  which  cause  the  lumber  made  from  this 
portion  of  the  log  to  be  thrown  into  the  lowest  grade,  known  to  the 
lumberman  as  "  No.  2  common."  The  larva  is  an  elongate,  footless, 
white  grub  (see  fig.  21,  i).  The  size  varies  considerably  in  different 

1  U.  S.  Dept.  of  Agriculture,  Bureau  of  Entomology,  Bui.  58,  Part  IV,  p.  45. 
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individuals  and  according  to  age.  The  largest  at  maturity  have  been 
found  to  measure  slightly  over  60  mm.  in  length  and  9  mm.  in 
breadth  at  the  broadest  point.  It  appears 
that  normally  there  is  one  generation  of  this 
s  juries  per  year,  with  a  partial  second  genera- 
tion. Thus,  a  few  larva?  hatched  from  eggs 
deposited  in  the  spring  go  through  their 
changes  to  the  adult  form  and  the  adults 
emerge  in  the  fall,  while  the  larger  number 
of  the  larva?  hatched  from  eggs  deposited  in 
the  spring  and  summer  hold  over  until  the 
following  spring,  when  the  adults  emerge. 
The  adult  (fig.  21,  j)  is  an  elongate  beetle 
varying  from  16  to  31.5  mm.  in  length  and 
from  5  to  10  mm.  in  width.  The  color  is  a 
mottled  gray  and  brown.  In  the  male  the 
antenna?  ("horns")  are  very  long,  often  be- 
ing two  or  three  times  the  length  of  the 
beetle.  In  the  female  they  are  much  shorter. 
The  principal  time  of  emergence  in  the 
Southern  States  seems  to  be  March  and 
April. 

Injury  to  felled  pine  timber  by  this  species 
may  be  prevented  in  two  ways.  First,  by 
placing  infested  logs  in  water  while  the 
larva?  are  still  in  the  bark  and  before  they 
have  entered  the  wood;  and  second,  by  re- 
moving the  bark  from  the  logs  before  the 
larva?  have  entered  the  wood. 

Trees  or  logs  infested  by  this  borer  can  be 
readily  recognized  by  the  pits  (fig.  21,  a]  ex- 
cavated in  the  bark  by  the  female  prepara- 
tory to  depositing  eggs. 


THE    LOCUST   BORER. 


(Cyllene  roliniw  Forst.) 


FIG.  22. — Work  of  the  lo- 
cust borer  (Cyllene  ro- 
binicc) .  Section  of  trunk 
of  dying  locust,  showing 
larval  mines  :  a,  Larva  ; 
6,  adult.  Insects  natural 
size.  (Original.) 


So  important  and  destructive  an  enemy  of 
the  black  or  yellow  locust  has  the  locust  borer 
become  that  in  certain  sections  of  the  country 
the  growing  of  these  trees  has  been  considered 
unprofitable  because  of  the  widespread  depredations  of  the  borer. 
Throughout  the  Eastern  and  Middle  States  scarcely  a  community 

C  locust  trees  occur  is  exempt  from  this  insect.     Many  trees  are 
'236°— 11 2 
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killed  outright,  and  in  others  the  wood  is  generally  reduced  in  value 
for  commercial  purposes. 

So  far  as  known,  this  species  confines  itself  to  the  black  or  yellow 
locust.  The  borer  is  an  elongate,  compact,  yellowish-white  grub  or 
larva  furnished  with  three  pairs  of  minute  legs  (fig.  22,  a).  Its 
first  work  is  done  in  the  inner  bark,  wyhere  it  destroys  a  portion  of  the 
vital  tissues.  Later  it  enters  the  wood  to  feed  and  pupate.  It  is 
here  that  its  most  destructive  work  is  done,  either  by  so  honeycombing 
the  wood  as  to  cause  the  death  of  branches  or  small  trees  or  by 
injuring  the  wood  for  commercial  purposes  (fig.  22).  The  egg  from 
which  the  borer  is  hatched  is  deposited  by  the  adult  female  in  a 
crevice  of  bark  on  the  "trunk  or  a  branch,  between  the  middle  of 
August  and  the  middle  of  October.  The  larva  passes  the  winter  in 
the  bark,  where  it  lies  dormant  in  a  hibernating  cell  of  its  own 
construction.  In  the  spring  (usually  about  the  second  week  in  April 
in  the  vicinity  of  Washington)  activity  commences  again  and  the 
borer  leaves  the  hibernating  cell  to  feed  on  the  inner  bark  and  outer 
wood.  In  from  two  weeks  to  a  month  it  enters  the  wood,  where 
it  continues  to  feed  and  later  changes  successively  to  pupa  and  adult 
(fig.  22,  £).  Adults  begin  emerging  from  the  trees  in  August  and 
continue  emerging  till  the  last  of  September,  the  principal  period  of 
emergence  being  the  last  half  of  August  and  first  half  of  September. 
The  adult  is  an  elongate  beetle,  the  ground  color  of  which  is  black, 
with  numerous  cross-bands  of  yellow.  Within  a  few  hours  after 
emergence  copulation  takes  place  and  the  females  begin  depositing 
eggs.  There  is  but  one  generation  a  year. 

The  adults  are  usually  common,  feeding  on  the  flowers  of  goldenrod 
while  this  plant  is  in  bloom. 

When  infested  trees  are  so  badly  damaged  as  to  be  worthless  they 
should  be  cut  down  in  May  and  June  and  burned  to  kill  the  broods 
of  larvae.  At  this  time  all  such  trees  can  be  easily  recognized  by  the 
boring  dust  which  is  thrown  out  by  the  larvae  and  lodges  in  forks  of 
trees,  in  crevices  of  bark,  and  on  the  ground  underneath.  They  can 
also  be  recognized  by  the  fading  leaves,  broken  branches,  etc.  This 
work  should  be  completed  by  the  time  the  flowers  have  all  fallen  from 
the  trees,  or  before  the  earliest  varieties  of  goldenrod  begin  to  show 
evidences  of  flowering. 

Hibernating  larva?  may  be  killed  by  spraying  the  trunks  and 
branches  with  a  strong  solution  of  kerosene  emulsion.  This  method 
is  specially  recommended  for  the  protection  of  small  plantations, 
groves,  or  shade  trees.  The  work  should  be  done  in  the  fall  or  winter, 
not  earlier  than  November  1  and  not  later  than  April  1. 

Great  care  should  be  exercised  as  to  the  time  of  year  when  locust 
trees  are  cut  for  any  purpose  in  order  that  the  hibernating  borers  may 
be  destroyed.  Except  for  the  purpose  of  destroying  the  borers  in  the 
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PLATE  XXIII. 
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WORK  OF  THE  BLACK-HORNED  PINE  BORER  (CALLIDIUM 
ANTENNATUM). 

[Section  of  spruce  rustic  work,  showing  larval  mines  on  surface 
of  wood,    a,  Entrance  hole  of  larva  into  wood.     (Original.)] 
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wood,  cutting  should  always  be  done  between  the  1st  of  October  and 
the  1st  of  April  and  the*  bark  removed,  and  the  tops  and  thinnings 
burned.  When  it  is  necessary  to 
cut  trees  between  the  1st  of  May 
and  the  middle  of  September, 
the  tops  should  be  burned  and 
the  logs  either  barked,  or  sub- 
merged in  water  for  a  few  days 


before    they    are 
manufactured.1 


shipped     or 


THE  PAINTED  HICKORY  BORER. 

(Cyllene  canjcc  Galian.2) 

The  painted  hickory  borer  is 
a  close  relative  of  the  locust 
borer  and  one  of  the  commonest 
and  most  destructive  borers  in 
dead  and  dying  hickory,  the 
larval  mines  often  riddling  the 
sapwood  and  sometimes  the 
heartwood  as  well.  Besides 
hickory,  it  attacks  walnut, 
honey  locust,  mulberry,  and 
Osage  orange,  but  never  attacks 
the  black  locust.  Its  range  ap- 
pears to  be  coextensive  with  that 
of  hickory. 

The  larva  is  a  creamy  white, 
compact  grub  and  has  three 
pairs  of  legs.  The  adult  so 
closely  resembles  the  adult  of 
the  locust  borer  (fig.  22,  b)  as 
to  be,  to  the  ordinary  eye,  indis- 
tinguishable from  it.  The  sea- 
sonal history,  however,  is  quite 
different  from  that  of  the  locust 
borer.  The  adults  fly  and  de- 
posit eggs  in  May  and  June  and 
do  not  appear  at  other  seasons 
of  the  year.  The  egg  is  laid  in  a 
crevice  of  bark,  and  the  young  larva  hatching  therefrom  proceeds  to 
the  inner  bark  and  soon  enters  the  wood.  If  a  great  number  of  larva? 

1  See  U.   S.  Dept.  of  Agriculture,  Bureau  of  Entomology,  Bui.  58,  Part  I,  and  Bui.  58, 
Part  III. 

2  Known  for  many  years  under  the  name  of  Cyllene  pictus  Drury. 


FIG.  23. — Work  of  the  painted  hickory  borer 
(Ci/llcnc  c<in/<r).  Section  of  hickory  log 
showing  larval  mines.  (Original.) 
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are  present  in  the  same  piece  of  wood,  the  solid  wood  is  often  literally 
honeycombed  with  their  mines  (fig.  23).  Pupation  takes  place  in  the 
wood  and  the  adult  beetle  usually  emerges  in  May  or  June  of  the 
year  following  that  in  which  the  egg  is  laid. 

It  has  been  found  that  hickory  cut  between  August  10  and  No- 
vember 1  usually  is  not  damaged  by  this  borer.  Therefore,  where 
much  damage  occurs  from  this  source,  all  cutting  of  green  timber 
should  be  done  as  nearly  as  possible  within  this  period.  If  it  is 
absolutely  necessary  to  do  the  cutting  in  the  spring  or  early  sum- 
mer, the  bark  should  be  removed  and  the  tops  and  useless  branches 
burned. 

THE  BLACK-HORNED.  PINE-BORER. 
(Callidium  antennatum  Newm.) 

Injuries  by  the  black-horned  pine-borer  to  the  bark  or  sapwood  of 
dead  or  dying  cedar,  juniper,  pine,  and  spruce  are  common  generally 
over  the  United  States.  Often  the  timbers  in  rustic  houses  are  found 
to  be  infested,  and  rustic  work  is  especially  liable  to  injury,  since  the 
presence  of  bark  is  absolutely  necessary  for  the  early  development  of 
the  borer. 

When  first  hatched  from  the  egg  the  larva  feeds  exclusively  on  the 
inner  bark,  making  an  irregular  winding  mine.  Later  it  also  grooves 
the  surface  of  the  wood  (PI.  XXIII)  in  making  its  mine,  thus  com- 
pletely separating  the  bark  from  the  wood,  causing  it  to  become  loose 
and,  in  many  cases,  to  fall  off.  As  the  essential  part  of  rustic  work 
is  the  bark,  this  sort  of  injury  to  it  is  quite  a  serious  matter.  The 
larva  is  an  elongate,  fleshy,  yellowish-white  grub,  usually  about  a 
half  inch  in  length  when  full  grown.  After  working  in  the  bark 
until  a  certain  period  of  development  is  reached,  the  larvae  enter  the 
wood  and  continue  their  mines  there.  Usually  they  do  not  go  deeper 
than  the  sapwood,  except  in  small  stems  or  branches,  where  they 
may  penetrate  the  heartwood.  The  larva  pupates  in  the  wood.  The 
adult  which  finally  emerges  is  a  medium-sized,  robust  beetle,  9  to  14 
mm.  in  length,  blue  to  green  in  color  throughout.  There  appears  to 
be  but  one  generation  a  year.  Adults  fly  and  deposit  eggs  during 
the  months  of  April,  May,  June,  and  July.  The  winter  is  prob- 
ably passed  in  the  larval  stage,  the  adults  emerging  the  following 
spring. 

As  a  preventive  against  injuries  by  this  borer,  cedar,  juniper,  pine, 
and  spruce  should  be  cut  in  the  late  summer,  fall,  or  early  winter. 
If  cut  during  the  period  between  January  and  August,  the  trees 
should  be  barked  when  felled.  In  the  case  of  rustic  work  already  in 
use  when  found  to  be  infested,  some  relief  may  be  secured  by  inject- 
ing bisulphid  of  carbon  into  holes  in  the  bark  through  which  sawdust- 
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like  borings  fall  out,  and  stopping  up  the  holes  with  putty  or  some 
kind  of  wax.  The  dropping  of  the  sawdust-like  borings  from  the 
logs  or  timbers  always  indicates  the  presence  of  this  or  a  similar  kind 
of  borer. 

THE    CEDAR-TREE    BORER. 

(Hylotrupes  ligneus  Fab'.) 

The  cedar-tree  borer  attacks  dead  and  injured  Douglas  fir,  arbor- 
vita^,  red  cedar,  redwood,  western  hemlock,  Engelmann  spruce,  juni- 
per, alpine  fir,  giant  arborvitse, 
white  fir,  bigtree,  and  Arizona 
cypress.  In  some  cases  living, 
healthy  trees  may  be  attacked 
and  killed,  and  in  other  cases 
the  death  and  decay  of  already 
unhealthy  trees  may  be  hastened 
by  this  borer.  This  species  also 
seriously  injures  the  wood  of 
felled  trees  for  commercial  pur- 
poses and  the  bark  and  \vood  of 
those  used  for  rustic  work.  Its 
occurrence  is  general  over  the 
United  States  where  its  host 
plants  occur. 

The  larva  (fig.  24,  b)  is  a  yel- 
lowish-white grub  about  half  an 
inch  in  length  when  mature, 
tapering  from  the  prothoracic 
segment  to  the  last  three  ab- 
dominal segments,  which  are 
slightly  larger  than  those  imme- 
diately preceding.  The  adult 
(fig.  24,  a)  is  a  beetle  varying 
from  7  to  16  mm.  in  length. 
The  elytra  or  wing  covers  are 
sometimes  marked  with  alter- 
nate transverse  bands  of  red  and 
black,  and  sometimes  are  entirely 
black  or  reddish  brown.  Apparently  there  is  but  one  generation 
a  year.  The  egg  is  laid  in  crevices  of  the  bark  in  spring  or  sum- 
mer. The  larva  hatching  from  the  egg  excavates  a  winding,  irregu- 
lar mine  in  the  inner  bark,  scoring  the  wood,  later  entering  the 
sapwood,  and  sometimes  penetrating  to  the  heartwood  (fig.  24). 
ition  usually  takes  place  in  the  sapwood,  but  sometimes  occurs 


FIG.  24. — Work  of  the  cedar-tree  borer 
(Hylotrupes  ligneus).  Section  of  Ari- 
zona cypress  showing  larval  mines,  a, 
Adult ;  6,  larva.  Insects  natural  size. 
(Original.) 
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in  the  heartwood  or  even  in  the  bark.  It  appears  probable  that 
the  winter  may  be  passed  either  in  the  larval,  pupal,  or  adult  stage, 
the  larval  stage  evidently  predominating.  The  period  during  which 
adults  emerge  is  quite  extended,  apparently  from  March  to  Septem- 
ber, inclusive,  depending  considerably  on  latitude  and  altitude  and 
on  the  stage  of  development  reached  before  hibernation  began  during 
the  previous  winter.  The  same  period  represents  the  time  when  eggs 

are   deposited   for   another  gen- 
eration. 

The  usual  preventive  measures 
are  recommended,  i.  e.,  remov- 
ing the  bark  from  trees  when 
felled  or  treating  rustic  work 
as  recommended  for  the  black- 
horned  pine  borer,  except  those 
felled  in  late  fall  or  early  winter, 
which  should  not  be  injured  by 
this  borer. 

THE    WESTERN    CEDAR   BARK-BORER. 

(Hylotrupes  amethystinus  Lee.) 

The  western  cedar  bark-borer 
is  a  relative  of  the  preceding, 
the  cedar-tree  borer.  Unlike  the 
latter,  however,  its  range  is  con- 
siderably restricted.  The  rec- 
ords of  the  branch  of  forest  in- 
sect investigations,  Bureau  of 
Entomology,  indicate  that  it  is 
found  only  in  the  Pacific  Coast 
States.  It  is  of  considerable  eco- 
nomic importance,  however,  in 
injuring  the  bark  and  wood  of 
recently  felled  giant  arborvitae 
and  incense  cedar. 

The  larva  (fig.  25,  a)  is  a 
large,  fleshy,  yellowish-white  grub,  provided  with  three  pairs  of 
feet.  The  largest  larvae  are  about  25  mm.  long  at  maturity  and 
about  8  mm.  in  width  at  the  broadest  part  of  the  body,  the  pro- 
thorax.  The  adult  (fig.  25,  b)  is  a  medium-sized  to  large,  robust 
beetle,  12  to  23  mm.  in  length.  The  prothorax  is  black  to  reddish 
brown.  The  elytra,  or  wing-covers,  are  of  a  brilliant  blue  to  vio- 
let color.  The  larvae  mine  in  the  inner  bark,  making  broad  wind- 


FIG.  25. — Work  of  the  western  cedar  bark- 
borer.  (Hylolrupes  amethystinus).  Sec- 
tion of  incense  cedar  log,  showing  larval 
mines,  a,  Larva;  6,  adult;  e,  entrance 
hole  of  larva  into  wood.  Insects  slightly 
reduced  from  natural  size.  (Original.) 


INJURIES   BY   ROUNDHEADED   BORERS. 


353 


ing  galleries  and  scoring  (he  surface  of  the  sapwood,  sometimes 
almost  entirely  separating  bark  from  wood.  They  finally  enter  the 
wood,  sometimes  mining  to  the  lieartwood,  where  the  mine  becomes 
longitudinal.  Pupation  takes  place  in  either 
bark  or  wood,  but  usually  in  lieartwood.  It 
is  probable  that  there  is  but  one  generation  a 
year  and  that  adults  emerge  and  deposit  eggs 
in  July.  August,  and  September. 

The  same  recommendations  for  preventing 
injury  as  those  given  for  the  cedar-tree  borer 
are  applicable  to  this  species. 

THE    BANDED    ASH    BORER. 

(ycocljthm  <-(i]trini  Say.) 

Numerous  complaints  have  been  received 
by  the  Bureau  of  Entomology  regarding  seri- 
ous damage  to  ash  lumber  by  the  banded  ash 
borer  and  closely  related  species.  Of  all 
species  concerned,  however,  this  is  apparently 
the  most  destructive,  the  larvsB  perforating 
the  sapwood  writh  their  mines  (fig.  26)  and 
greatly  depreciating  its  value,  if  not  entirely 
ruining  it.  Besides  ash,  the  borer  attacks  and 
lives  in  mesquite  and,  rarely,  in  white  oak. 

The  larva  is  an  elongate,  footless,  fleshy 
white  grub  about  an  inch  in  length  when 
mature.  The  adult  is  an  elongate  beetle,  15 
to  18  mm.  in  length.  The  ground-color  is 
black,  with  four  yellowish-white  bands  on 
the  elytra  or  wing-covers  and  one  on  the 
anterior  border  of  the  prothorax.  The  tips 
of  the  elytra  are  yellowish  white.  The 
female  beetle  deposits  her  eggs  on  the  bark 
of  dying  or  dead  trees  or  logs.  There  is  but 
one  generation  a  year.  The  adults  usually 
emerge  and  deposit  eggs  in  March,  April,  or 

May.     The  larvae  mine  in  the  bark  and  sap-    FIG.  26.— work  of  the  banded 
wood  arid  pupate  in  the  sapwood. 

Ash  trees  cut  in  the  summer,  fall,  or  early 
winter  are  less  liable  to  attack  from  this 
species  than  those  cut  in  the  spring,  but  even  those  cut  in  the  fall  are 
sometimes  attacked  the  following  spring.  The  best  way  to  prevent 
injury  to  logs  cut  during  the  winter  and  spring,  when  the  logs  are 


ash  borer  (Neoclytus  ca- 
prceu).  Section  of  ash 
log  showing  larval  mines. 
(Original.) 
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not  to  be  immediately  sawed  into  lumber,  is  to  remove  the  bark  imme- 
diately upon  felling  or  between  the  1st  of  March  and  1st  of  June. 
Placing  the  logs  in  water  after  the  larvae  have  hatched  and  before 
they  have  entered  the  wood  is  also  effective. 


THE  RED-HEADED  CLYTU8. 

(Neoclytus  erythrocephalus  Fab.) 

The  red-headed  clytus  is  a  close  relative  of  the  banded  ash  borer 
and  does  considerable  damage  to  the  wood  of  dead  and  dying  ash,  as 

well  as  to  a  number  of  other  trees.  The 
list  of  its  host  plants  includes  ash,  horn- 
beam, hickory,  maple,  SAveet  gum,  chest- 
nut, cypress,  hackberry,  black  walnut, 
dogwood,  black  oak,  persimmon,  peach, 
locust,  sassafras,  holly,  mesquite,  Texas 
redbud,  pine,  Kentucky  coffee  tree, 
lilac,  honeysuckle,  and  grapevine. 

The  larva  is  a  slender,  white,  footless 
grub  of  varying  length  when  mature, 
the  average  length  at  this  stage  being, 
perhaps,  about  15  mm.  The  adult  is  a 
slender  beetle,  6  to  16  mm.  in  length. 
The  head  and  prothorax  are  red.  The 
anterior  part  of  the  elytra  is  reddish, 
shading  into  dark  brown  or  black  pos- 
teriorly. The  elytra  bear  four  pairs  of 
yellow  bands,  the  first  pair  being  at  the 
extreme  base.  There  is  but  one  genera- 
tion a  year.  It  appears  that  eggs  may 
be  laid  anywhere  from  March  to  Sep- 
tember. The  adult  female  deposits  the 
egg  in  a  crevice  of  bark  on  a  dead  or 
dying  tree  or  log.  The  young  larva, 
hatching  from  the  egg,  mines  first  in  the 

inner  bark  and  later  continues  the  mine  in  the  sapwood,  thus  injuring 
the  wood  for  commercial  purposes  (fig.  27).  Pupation  takes  place 
in  the  sapwood.  The  adult  emerges  from  the  tree  or  log  the  follow- 
ing spring  or  summer  after  the  egg  is  laid.  This  species  is  common 
from  the  District  of  Columbia  to  Ohio,  and  south  to  Texas. 

The  same  preventive  measures  as  those  given  for  the  banded  ash 
borer  apply  to  this  species  except,  it  will  be  noted,  that  the  egg-laying 
period  of  this  species  is  much  longer  than  that  of  the  banded  ash 


FIG.  27. — Work  of  the  red-headed 
clytus  (Neoclytus  crythrocepha- 
lus)  Sections  of  hickory  log 
showing  :  a,  Larval  mines  on  sur- 
face of  wood  ;  I),  larval  mines  in 
the  wood ;  c,  entrance  hole  of 
larva  into  wood.  (Original.) 
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borer,  so  that  there  is  scarcely  any  season  of  the  year  when  trees  may 
be  cut  and  left  with  bark  on,  without  danger  of  being  damaged  by 
this  borer. 

THE  OAK   PRUNER. 

(Elaplndioii  -villonnm  Fab.) 

Iii  the  oak  pruner  we  have  a  species  which  attacks  only  twigs  or 
small  branches  on  living  and  injured  trees,  causing  them  to  break  and 
fall  to  the  ground.  If  occurring  in  large  numbers  it  is  of  consider- 
able economic  importance,  in  retarding 
the  growth  of  twigs  and  branches.  Be- 
sides oak.  this  species  attacks  sassafras, 
black  walnut,  hackberry,  sweet  gum,  hick- 
ory, and  maple.  Its  range  extends  from 
Pennsylvania  to  South  Carolina,  and  as 
far  west  as  New  Mexico. 

The  larva  (fig.  28,  a)  is  a  very  slender 
white  grub  about  one-half  inch  in  length. 
The  adult  is  a  slender,  shining,  brown 
beetle  (fig.  28,  &),  11  to  16  mm.  in  length, 
rather  sparsely  clothed  with  gray  pubes- 
cence, each  elytron  terminating  in  two 
spines  of  about  equal  length.  Adults  fly 
in  March,  April,  May,  and  June,  during 
which  time  oviposition  takes  place  upon 
the  twigs  or  branches. 

The  young  larva,  after  hatching  from 
the  egg,  first  mines  in  the  inner  bark, 
then  enters  the  wood  and  girdles  the 
twig  or  branch  by  boring  around  it  sev- 
eral times  in  the  same  place  (fig.  28), 
leaving  the  bark  and  usually  some  of  the 
wood  intact.  The  larva  then  mines  in 

the  center  of  the  twig  beyond  the  girdle.  The  twig  is  usually 
broken  off  at  the  girdle  by  the  wind  and  falls  to  the  ground,  carrying 
the  larva  with  it.  Pupation  takes  place  in  the  center  of  the  twig. 
There  is  apparently  one  generation  a  year,  the  adult  usually  emerging 
in  March,  April,  May,  or  June  of  the  year  following  that  in  which 
the  egg  is  laid. 

AVhen  this  species  occurs  in  large  enough  numbers  to  be  injurious, 
the  fallen  twigs  and  recently  killed  twigs  still  on  the  trees  should  be 
gathered  and  burned  in  the  fall  in  order  to  destroy  the  larvae  and 
pupae  in  them. 


FIG.  28 — Work  of  the  oak 
pruner  (Elaphidion  villosum). 
Oak  branch  which  has  been 
pruned,  showing  larval  mines, 
a,  Larva ;  6,  adult.  Insects 
natural  size.  (Original.) 
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THE    HICKORY    TWIG-GIRDLER. 

(Oncideres  cingulata  Say.) 

The  work  of  the  hickory  twig-girdler,  like  that  of  the  oak  primer, 
is  confined  to  the  twigs  and  branches,  and  is  often  quite  injurious. 
Only  living  trees  are  attacked.  The  list  of  host  plants  includes 
hickory,  basswood,  poplar,  dogwood,  black 
gum,  elm,  persimmon,  and  acacia.  The  range 
of  this  species  extends  from  the  eastern  United 
States  to  Arkansas  and  Kansas. 

The  larva  is  a  footless  white  grub  about  half 
an  inch  or  more  in  length  when  mature.  The 
abdominal  segments,  except  the  last  two,  bear 
minute  granules,  both  above  and  below.  The 
adult  (fig.  29,  a)  is  a  stout  beetle,  12  to  14  mm. 
in  length,  dark  gray  to  reddish  brown  in  color. 
The  flight  of  the  adults  and  the  deposition  of 
eggs  usually  occur  in  August  or  September. 
The  adult  female  punctures  the  branch  or  twig 
and  deposits  an  egg  in  each  puncture.  She 
then  gnaws  off  the  bark  and  outer  wood  at  a 
point  on  the  branch  below  where  the  eggs  are 
laid,  completely  circling  the  limb  and  causing 
that  portion  of  it  beyond  the  girdle  to  die  (fig. 
29).  The  eggs  hatch  and  the  larvae,  after  min- 
ing in  the  inner  bark  (fig.  29,  &),  bore  to  the 
center  of  the  branch,  where  pupation  takes 
place  in  the  larval  mine,  little  if  any  protective 
device  in  the  way  of  a  pupal  chamber  being 
made.  Probably  most  of  the  infested  twigs 
and  branches  fall  to  the  ground  before  the 
larvas  complete  their  development,  though  some 
do  not.  It  has  been  found  that  in  the  infested 
branches  which  do  not  fall  the  larvae  seldom 
complete  their  development  to  the  adult  stage 
unless  the  branches  are  in  a  shaded  position. 
Likewise,  few  adults  are  produced  from 
branches  which  are  freely  exposed  to  the  sun  after  falling.  This 
insect  reaches  its  best  development  in  shaded  twigs  or  branches,  or 
those  partially  covered  by  leaves  or  vegetation.  In  North  Carolina 
the  larvae  begin  to  pupate  about  August  1  of  the  year  following  that 
in  which  the  eggs  were  laid,  most  of  the  adults  probably  emerging 
in  September.  The  winter  is  therefore  passed  in  the  larval  state. 


FIG.  29 — Work  of  the 
hickory  twig  -  girdler 
(Oncideres  cingulata). 
Acacia  branch  showing 
girdle,  and  larval  mines 
in  bark  and  outer  wood. 
Insect  natural  size. 
(Original.) 
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The  work  of  the  insect  is  not  confined  to  the  large  trees,  but 
straight  young  seedlings  from  4  to  10  feet  high  are  sometimes 
attacked  and  the  entire  top  taken  off,  resulting  in  the  removal  of 
about  2  feet  of  the  new  growth,  usually  nearly  two  years'  incre- 
ment. The  adult  beetle  apparently  injures  the  smaller  twigs  by 
feeding  upon  the  bark  without  depositing  eggs  in  them. 

Where  this  species  occurs  in  destructive  numbers  it  is  advisable 
to  collect  and  burn  the  pruned  twigs  and  branches.  This  should  be 
done  several  times  between  October  1  and  August  1  of  the  following 
year — once  just  before  the  leaves  fall,  once  early  in  the  spring 
before  vegetation  starts,  and  again  in  the  summer  during  June  or 
July.  The  twigs  which  first  fall  are  quite  apt  to  be  almost  hidden 
by  fallen  leaves  and  quite  difficult  to  find  in  the  spring* 

SUMMARY. 

In  general,  roundheaded  borers  are  elongate,  fleshy,  yellowish- 
white  grubs,  which  hatch  from  eggs  deposited  by  the  parent  beetles 
in  or  upon  the  bark  or  wood  of  the*  host  plant.  The  grubs  finally 
change  to  pupa?  and  these  in  turn  change  to  adults  or  beetles.  The 
roung  adults  in  time  emerge  from  the  host  and  deposit  eggs  in  or 
ipon  other  host  plants;  and  so  the  life  cycle  goes  on.  Usually  there 
is  but  one  generation  a  year,  but  in  some  species  there  may  be  two 
generations  a  year,  and  in  other  species  it  may  take  longer  than  a 
year  for  a  single  generation  to  develop. 

Great  damage  is  done  to  living  and  felled  trees,  and  to  standing 
dead  trees,  by  this  class  of  borers.  In  some  cases  the  borers  confine 
themselves  to  the  bark,  while  in  others  they  enter  the  wood.  The 
remedy  in  each  case  depends  upon  the  habits  and  character  of  work 
of  the  species  under  consideration. 

The  western  larch  bark-borer  attacks  perfectly  healthy  western 
larches,  making  winding,  irregular  galleries  in  the  inner  bark,  thus 
cutting  off  the  flow  of  sap  and  killing  the  trees.  The  methods  of 
control  are  preventive.  No  attempt  is  made  to  save  a  tree  which  has 
once  become  badly  infested.  After  becoming  infested,  trees  should 
be  felled  and  barked  and  the  bark  burned  before  the  following 
May  15.  A  few  healthy  trees  felled  in  May  or  June,  near  those  in- 
fested, should  attract  the  beetles  which  would  otherwise  deposit 
eggs  in  healthy  trees.  Before  the  following  spring  the  bark  should 
be  stripped  from  these  trap  trees  and  burned. 

The  southern  pine  sawyer  is  very  destructive  to  felled  pine  timber 
in  the  Southern  States,  making  large,  unsightly  holes  in  the  sap- 
wood  and  greatly  reducing  in  value  a  considerable  percentage  of 

ich  log  infested.  Injury  by  this  species  may  be  prevented  in  two 
rays.  First,  by  placing  infested  logs  in  water  while  the  larvae  are 
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still  in  the  bark  and  before  they  have  entered  the  wood ;  and  second, 
by  removing  the  bark  from  the  logs  before  the  larvae  have  entered 
the  wood. 

The  locust  borer  is  a  serious  and  destructive  enemy  of  the  black 
or  yellow  locust.  Its  first  work  is  in  the  inner  bark.  Later  it  enters 
the  wood,  where  its  most  destructive  work  is  done,  either  by  so  honey- 
combing the  wood  as  to  cause  the  death  of  branches  or  small  trees, 
or  by  injuring  the  wood  for  commercial  purposes.  Hibernating 
larvae  may  be  killed  by  spraying  the  trunks  and  branches  with  a 
strong  solution  of  kerosene  emulsion.  Except  for  the  purpose  of 
destroying  the  borers  in  the  wood,  cutting  should  always  be  done 
between  October  1  and  April  1,  the  bark  removed,  and  the  tops  and 
thinnings  bunied.  When  it  is  necessary  to  cut  trees  between  May  1 
and  the  middle  of  September  the  tops  should  be  burned  and  the 
logs  either  barked  or  submerged  in  water  for  a  few  days  before  they 
are  shipped  or  manufactured. 

The  painted  hickory  borer  attacks  dead  and  dying  hickory,  walnut, 
honey  locust,  mulberry,  and  Osage  orange,  the  larval  mines  often 
riddling  the  sapwood  and  sometimes  the  heartwood  as  well.  To  pre- 
vent the  spread  of  this  species,  all  cutting  of  green  timber  should 
be  done  between  August  10  and  November  1.  Timber  which  must 
be  cut  in  spring  or  early  summer  should  have  the  bark  removed  and 
the  tops  and  useless  branches  burned. 

The  black-horned  pine-borer  is  an  enemy  of  dead  or  dying  cedar, 
juniper,  pine,  and  spruce.  Rustic  work  is  specially  liable  to  injury 
from  this  source.  As  a  preventive  against  injuries  by  this  species, 
cedar,  juniper,  pine,  and  spruce  should  be  cut  in  late  summer,  fall, 
or  early  winter.  If  cut  between  Januarj^  and  August  the  trees 
should  be  barked  when  felled.  In  the  case  of  injuries  to  rustic  work, 
an  injection  of  bisulphid  of  carbon  and  the  plugging  up  of  the  holes 
with  wax  or  putty  is  recommended. 

The  cedar-tree  borer  attacks  dead  and  injured  Douglas  fir,  arbor- 
vitge.  red  cedar,  redwood,  western  hemlock,  Engelmann  spruce,  juni- 
per, alpine  fir,  giant  arborvitae,  white  fir,  bigtree,  and  Arizona  cypress. 
Like  the  black-horned  pine-borer,  it  is  injurious  to  rustic  work.  The 
usual  preventive  measures  are  recommended,  i.  e.,  removing  the  bark 
from  trees  when  felled,  or  treating  rustic  work  as  recommended  for 
the  black-horned  pine-borer. 
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INSECT   INJURIES   TO  FOREST   PRODUCTS, 

By  A.  D.  HOPKINS, 

In  Charge  of  Forest  Imect  Investigations,  Bureau  of  Entomology. 

CHARACTER   AND   EXTENT   OF   INJURY. 

The  detrimental  and  destructive  work  of  insects  which  cause  serious 
losses  in  commercial  woods,  barks,  nuts,  etc.,  consists  of  burrows  or 
galleries  excavated  by  the  young  and  matured  forms  of  beetles  and  a 
few  other  kinds  of  insects. 

Round  timber,  rough  lumber,  and  other  crude  products  are  seriously 
injured  by  pinhole  and  wormhole  defects  caused  by  a  class  of  wood- 
>ring  beetles  and  grubs.  v 

Seasoned  rough  and  dressed  lumber  and  finished  wood  material  is 
laged  or  completely  destroyed  by  a  class  of  so-called  powder  post 
>rcrs.  which  convert  the  woody  tissue  into  a  mass  of  fine  dust  or 
>wder. 

Construction  timbers  and  other  wood  material  utilized  in  buildings, 
>ridges,  railroad  construction,  mining,  etc.,  are  often  infested  by 
rood-boring  grubs,  powder  post  borers,  white  ants,  and  other  insects, 
their  serious  detriment  or  destruction. 

Stored  oak  and  hemlock  bark  for  tanning  purposes  is,  under  certain 
mditions,  seriously  damaged  or  destroyed  by  insects  which  infest 

inner  or  "flesh"  parts  and  convert  them  into  a  fine  powder. 
Medicinal  barks,  roots,  and  leaves  are  also  bored  or  eaten  by  drug 
ietles,  causing  injuries  which,  while  not  necessarily  destroying  the 
ledicinal  qualities,  are  detrimental  to  the  commercial  value  of  such 
laterial. 

From  the  writer's  personal  investigations  of  this  subject  in  different 
5tions  of  the  counhy,  the  damage  to  forest  products  of  various  kinds 
>m  this  cause  seems  to  be  far  more  extensive  than  is  generally  recog- 
lized.     Allowing  a  loss  of  5  per  cent  on  the  total  value  of  the  forest 
)ducts  of  the  country,  which  the  writer  believes  to  be  a  conservative 
jtimate,  it  would  amount  to  something  over  $30,000,000  annually, 
lis  loss  differs  from  that  resulting  from  insect  damage  to  natural 
>rest  resources  in  that  it  represents  more  directly  a  loss  of  money 
ivested  in  material  and  labor. 
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KNOWLEDGE    NECESSARY   TO   PREVENTION    OF   LOSSES. 

In  dealing  with  the  insects  mentioned,  as  with  forest  insects  ^in  gen- 
eral, the  methods  which  yield  the  best  results  are  those  which  relate 
directly  to  preventing  attack.  In  order  to  meet  with  the  best  success, 
however,  it  is  necessary  to  have  a  complete  knowledge  of  the  insects 
which  cause  the  injuries  and  the  conditions  which  are  attractive  to 
them  or  otherwise  favor  their  attack,  as  well  as  those  which  are 
unattractive  or  unfavorable. 

The  insects  have  two  objects  in  their  attack;  one  is  to  obtain  food, 
the  other  is  to  prepare  for  the  development  of  their  broods.  Different 
species  of  insects  have  special  periods  during  the  season  of  activity 
(March  to  November)  when  the  adults  are  on  the  wing  in  search  of 
suitable  material  in  which  to  deposit  their  eggs.  Some  species  which 
fly  in  April  will  be  attracted  to  the  trunks  of  recently  felled  pine  trees 
or  to  piles  of  pine  saw  logs  from  trees  felled  the  previous  winter. 
They  are  not  attracted  to  any  other  kind  of  timber,  because  they  can 
live  only  in  the  bark  or  wood  of  pine,  and  only  in  that  which  is  in  the 
proper  condition  to  favor  the  hatching  of  their  eggs  and  the  normal 
development  of  their  young.  As  they  fly  only  in  April,  they  can  not 
injure  the  logs  of  trees  felled  during  the  remainder  of  the  year.  There 
are  also  oak  insects,  which  attack  nothing  but  oak;  hickory  insects, 
cypress  insects,  spruce  insects,  and  so  on,  which  have  different  habits 
and  different  periods  of  flight  and  require  special  conditions  of  the 
bark  and  wood  for  depositing  their  eggs  or  for  the  subsequent  develop- 
ment of  their  broods.  Some  of  these  insects  have  but  one  generation- 
in  a  year,  others  have  two  or  more,  while  some  require  more  than 
one  year  for  their  complete  development  and  transformation.  Some 
species  deposit  their  eggs  in  the  bark  or  wood  of  trees  soon  after  they 
are  felled  or  before  any  perceptible  change  from  the  normal  living 
tissue  has  taken  place;  other  species  are  attracted  only  to  dead  bark 
and  dead  wood  of  trees  which  have  been  felled  or  girdled  for  several 
months;  others  are  attracted  to  dry  and  seasoned  wood;  while  another 
class  will  attack  nothing  but  very  old  dry  bark  or  wood  of  special  kinds 
and  under  special  conditions.  Thus,  it  will  be  seen  how  important  it 
is  for  the  practical  man  to  have  a  knowledge  of  such  of  the  foregoing 
facts  as  apply  to  his  immediate  interest  in  the  manufacture  or  utiliza- 
tion of  a  given  forest  product,  in  order  that  he  may,  with  the  least 
trouble  and  expense,  adjust  his  business  methods  to  meet  the  require- 
ments for  preventing  losses. 

DISTINCTIVE    CHARACTER   OF    INSECT   INJURIES. 

The  work  of  different  kinds  of  insects,  as  represented  by  special 
injuries  to  forest  products,  is  the  first  thing  to  attract  attention,  and 
the  distinctive  character  of  this  work  is  easily  observed,  while  the  insect 
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responsible  for  it  is  seldom  seen,  or  it  is  so  difficult  to  determine  by 
the  general  observer,  from  descriptions  or  illustrations,  that  the 
species  is  rarely  recognized.  Fortunately,  the  character  of  the  work 
is  often  sufficient  in  itself  to  identify  the  cause  and  suggest  a  remedy, 
and,  in  this  paper,  primary  consideration  is  given  to  this  phase  of  the 
subject. 


AMHKOSIA    OK    TIMHKK    BEETLES. 


The  characteristic  work  of  this  class  of  wood-boring  beetles  is  shown 
in  figures  -±H,  4-t,  and  45.  The  injury  consists  of  pinhole  and  stained- 
wood  defects  in  the  sapwood  and  heartwood  of  recentl}7  felled  or  gir- 
dled trees,  sawlogs,  pulp  wood,  stave  and  shingle  bolts,  green  or 


«     , 

b. 


a. 
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FIG.  43.— Work  of  ambrosia  beetles  in  tulip  or  yellow  poplar  wood:  a,  work  of  Xyleborus-  affinis  and 
Xyleborus  inermi*;fb,  Xyleborus  obcsits  and  work:  c,  bark:  d,  sapwood;  c,  heartwood.     (Original.) 

unseasoned  lumber,  and  staves  and  heads  of  barrels  contain  ing  alcoholic 
liquids.  The  holes  and  galleries  are  made  by  the  adult  parent  beetles 
to  serve  as  entrances  and  temporal' v  homes  or  nurseries  for  the  devel- 
opment of  their  broods  of  yoUng,  which  feed  on  a  kind  of  fungus 
growing  on  the  walls  of  the  galleries.  The  growth  of  this  ambrosia- 
like  fungus  is  induced  and  controlled  by  the  parent  beetles,  and  the 
young  are  dependent  upon  it  for  food.  The  wood  must  be  in  exactly 
the  proper  condition  for  the  growth  of  the  fungus  in  order  to  attract 
the  beefles  and  induce  them  to  excavate  their  galleries;  it  must  have 
a  certain  degree  of  moisture  and  other  favorable  qualities  which  usually 
prevail  during  the  period  involved  in  the  change  from  living,  or 
normal,  to  dead  or  dry  wood;  such  a  condition  is  found  in  recently 
felled  trees,  sawlogs,  or  like  crude  products. 
There  are  two  general  types  or  classes  of  these  galleries — one  in 
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which  the  broods  develop  together  in  the  main  burrows  (figs.  43  and 
44),  the  other  in  which  the  individuals  develop  in  short  separate  side 


FIG.  44.— Work  of  ambrosia  beetle,  Xyleborus  ccteus,  in  hickory  wood:  a,  larva,  6,  pupa;  c,  adult     ' 
beetle,  natural  size;  d,  character  of  work  in  lumber  cut  from  injured  log;  e,  bark;  /,  sapwood; 
</,  heartwood.     (Original.) 

chambers  extending  at  right  angles  from  the  primary  gallery  (fig.  45). 
The  galleries  of  the  latter  type  are  usually  accompanied  by  a  distinct 
staining  of  the  wood,  while  those  of  the  former  are  not. 


FIG.  45.— Work  of  ambrosia  beetles  in  oak:  a,  Monarthrum  mali  and  work;  b,  Platypus  com} 
and  work;  c,  bark;  d,  sapwood;  e,  heartwood;  /,  character  of  work  in  lumber  from  injured 
(Original.) 

The  beetles  responsible  for  this  work  are  cylindrical  in  form,  apj 
ently  with  a  head  (the  prothorax)  half  as  long  as  the  remainder  of 
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body  (figs.  43,  <?,  and  45,  a).  North  American  species  vary  in  .size  from 
less  than  one-tenth  to  slightly  more  than  two-tenths  of  an  inch,  while 
some  of  the  subtropical  and  tropical  species  attain  a  much  larger  size. 
The  diameter  of  the  holes  made  by  each  species  corresponds  closely  to 
that  of  the  body,  and  varies  from  about  one-twentieth  to  one-sixteenth 
of  an  inch  for  North  American,  and  to  one-eighth  of  an  inch  for  the 
tropical  species. 

KOrXD-ITEADED    BORERS. 

The  character  of  the  work  of  this  class  of  wood  and  bark-boring* 
grubs  is  shown  in  figure  46.  The  injuries  consist  of  irregular  flat- 
tened or  nearly  round  wormhole  defects  in  the  wood  which  sometimes 
result  in  the  destruction  of  the  valuable  parts  of  wood  or  bark  material. 


FIG.  46.— Work  of  round-headed  and  flat-headed  borers  in  pine:  a,  work  of  round-headed  borer, 
'•s;i\\  yt.-r,"  Mniiohammns  sp.,  natural  size;  6,  Eryates  spiculatus;  c,  work  of  flat-headed  borer, 
Jitiitnafia.  larva  and  adult;  d,  bark;  e,  sapwood;  /,  heartwood.  (Original.) 

The  sapwood  and  heartwood  of  recently  felled  trees,  sawlogs,  poles, 
po^ts.  mine  props,  pulpwood,  and  cord  wood,  also  lumber  or  square 
timber  with  bark  on  the  edges,  and  construction  timber  in  new  and  old 
buildings,  are  injured  by  wormhole  defects,  while  the  valuable  parts 
of  stored  oak  and  hemlock  tanbark  and  certain  kinds  of  wood  are  con- 
verted into  worm  dust.  These  injuries  are  caused  by  the  young  or 
larvae  of  long-horned  beetles.  Those  which  infest  the  wood  hatch 
from  eggs  deposited  in  the  outer  bark  of  logs  and  like  material,  and 
the  minute  grubs  hatching  therefrom  bore  into  the  inner  bark,  through 
which  they  extend  their  irregular  burrows  for  the  purpose  of  obtain- 
ing food  from  the  sap  and  other  nutritive  material  found  in  the  plant 
tissue.  They  continue  to  extend  and  enlarge  their  burrows  as  they 
increase  in  size,  until  they  are  nearly  or  quite  full  grown.  They  then 
enter  the  wood  and  continue  their  excavations  deep  into  the  sapwood 
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or  heartwood  until  they  attain  their  normal  size.  They  then  excavate 
pupa  cells  in  which  to  transform  into  adults,  which  emerge  from  the 
wood  through  exit  holes  in  the  surface. 

This  class  of  borers  is  represented  by  a  large  number  of  species. 
The  adults,  however,  are  seldom  seen  by  the  general  observer  unless 
cut  out  of  the  wood  before  they  have  emerged.  Many  of  them  fly  at 
night,  while  others  are  so  nearly  the  color  of  the  bark  on  which  they 
rest  that  they  are  difficult  to  find.  The  holes  made  by  these  borers 
var}r  in  size  from  very  minute  to  more  than  an  inch  in  diameter,  but 
the  intermediate  sizes  are  most  common. 


FLAT-HEADED    BORERS. 


The  work  of  flat-headed  borers  is  only  distinguished  from  that  of 
the  preceding  by  the  broad,  shallow  burrows  and  the  much  more  oblong 
form  of  the  exit  holes.  In  general,  the  injuries  are  similar  and  affect 
the  same  class  of  products,  but  they  are  of  much  less  importance. 
The  adult  forms  are  flattened,  metallic-colored  beetles,  and  represent 
many  species,  of  various  sizes. 


TIMBER    WORMS. 


The  character  of  the  work  done  by  the  borers  of  this  class  is  shown 
in  figure  47.  The  injury  consists  of  pinhole  defects  in  the  sapwood 
and  heartwood  of  felled  trees,  sawlogs,  and  like  material  which  have 


a 

FIG.  47. — Work  of  timber  worms  in  oak:  a,  work  of  oak  timber  worm,  Eupsaiis  minuta;  b,  barked 
surface;  c,  bark;  d,  sapwood  timber  worm,  Hyloccetus  Ingubris,  and  work;  c,  sapwood.     (Original.) 

been  left  in  the  woods  or  in  piles  in  the  open  for  several  months  during 
the  warmer  seasons.  Stave  and  shingle  bolts  and  closely  piled  oak 
lumber  and  square  timbers  also  suffer  from  injury  of  this  kind.  These 
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i juries  a iv  made  by  elongate,  slender  worms  or  larva1  which  hatch 

roni  eggs  deposited  by  the  adult  beetles  in  the  outer  bark,  or,  where 

lere  is  no  bark,  just  beneath  the  surface  of  the  wood.  At  first  the 
'oung  larva4  bore  almost  invisible  holes  for  a  long  distance  through  the 

ipwood  and  heartwood,  but  as  they  increase  in  size  the  same  holes  are 

'nlarged  and  extended  until  the  larvae  have  attained  their  full  growth. 

icy  then  transform    to   adults  and  emerge   through  the  enlarged 

itranee  burrows.  The  work  of  these  timber  worms  is  distinguished 
>m  that  of  the  timber  beetles  by  the  greater  variation  in  the  size  of 

)les  in  the  same  piece  of  wood;  also  by  the  fact  that  they  are  not 
)i*anched  from  a  single  entrance  or  gallery,  as  are  those  made  by 

le  beetles. 


POWDER   POST    BORERS. 


The  character  of  work  of  this  class  of  insects  is  shown  in  figures  48, 

r>n.  and  51.     The  injury  consists  of  closely  placed  burrows  packed 

*ith  the  borings  or  a  completely  destro}red  or  powdered  condition  of 


FIG.  -I*.— Work  of  powder  post  beetle,  Sinoxylon  bastiare,  in  hickory  poles,  showing  transverse  egg 
galleries  excavated  by  the  adult:  a,  entrance;  6,  gallery;  c,  adnlt.    Natural  size  (original). 

the  wTood  of  seasoned  products,  such  as  lumber,  crude  and  finished 
handle,  cooperage,  and  wagon  stock,  furniture,  and  inside  finish  wood- 


a 


FIG.  49. — Work  of  powder  post  beetle,  Sinoxylon  basilare,  in  hickory  pole:  a,  character  of  work  by 
larvic;  b,  exit  holes  made  by  emerging  broods.     (Original.) 

work  in  old  buildings,  as  well  as  in  many  other  crude  or  finished  and 
utilized  woods.     This  is  the  work  of  both  the  adults  and  voung'stages 
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of  some  species,  or  of  the  larval  stage  alone  of  others.     In  the  former, 
the  adult  beetles  deposit  their  eggs  in  burrows  or  galleries  excavated 

for  the  purpose,  as  in  figures  48 
and  49,  while  in  the  latter  (tigs. 
50  and  51)  the  eggs  are  depos- 
ited on  or  beneath  the  surface 
of  the  wood.  The  grubs  com- 
plete the  destruction  by  boring 
through  the  solid  wood  in  all 
directions  and  packing  their 
burrows  with  the  powdered 
wood.  When  they  are  full 
grown  they  transform  to  the 
adult  and  emerge  from  the  in- 
jured material  through  round 
holes  in  the  surface.  Some  of 
the  species  continue  to  work  in 


FIG.  50. — Work  of  powder  post  beetle,  Lyctus 
striaius,  in  hickory  handles  and  spokes:  a, 
larva;  6,  pupa;  c,  adult,  natural  size;  d,  exit 
holes;  e,  entrance  of  larvse  (vents  for  borings 
are  exits  of  parasites):  /.  work  of  larvse;  g, 
wood,  completely  destroyed;  h,  sapwood;  i, 
heart  wood.  (Original.) 


FIG.  51.— Work  of  powder  post  beetle, 
Xyletinus  paltatus,  in  old  pine  flooring: 
a,  work  of  larvse;  b,  exit  holes  made  )>y 
emerging  broods;  c,  adult,  natural  size 
(Original.) 


the  same  wood  until  man}r  generations  have  developed  and  emerged, 
or  until  every  particle  of  wood  tissue  has  been  destroyed  and  the  avail- 
able nutritive  substance  extracted. 
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I  The  character  of  the  work  of  while  ants,  or  termites,  in  wood  is  shown 
figure  52.  It  consists  of  burrows,  galleries,  and  tunnels  of  greatly 
varying  sixes,  and  of  every  conceivable  shape,  extended  in  all  direc- 
tions through  the  wood.  A  peculiar  character  is  the  complete  destruc- 
tion of  the  inner  portion  of  the  wood,  while  slight  or  no  evidence  is 
shown  on  the  exposed  surface.  In  this  work  these  insects  employ  a 
kind  of  earthy  matter 
mixed  with  macerated 
wood  to  cover  or  roof 
in  such  parts  of  the  gal- 
leries as  would  other- 
wise be  exposed  to  the 
light;  also  to  cover 
their  paths  over  the 
surface  of  stone,  iron, 
r  uninjured  wood, 

ere    inside    tunnels 
not  made,  to  pro- 

t  them   from  light 
d   from    their   ene- 

es    as    they    travel 

m  place  to  place  to 

it  or  extend  their 

rrows  and  nests. 
The  injuries  to  forest 
products,  both  crude 
and  finished,  consist  of 
a  partial  or  complete 
destruction  of  the  in- 
fested material.  Un- 
der certain  conditions 
greater  damage  and 
loss  is  caused  than  by 
the  work  of  any  other 
class  of  insects.  A 
great  variety  of  prod- 
ucts is  affected,  such 
as  round  and  square  timbers  left  for  some  time  next  to  the  ground, 
posts  and  poles  set  in  the  ground,  railroad  ties,  bridge  timbers,  and 
lumber  in  the  bottom  of  stacks;  and  these  insects  are  especially 
destructive  to  the  underpinning,  flooring,  and  all  Bother  wooden  parts 
of  buildings  which  are  readily  accessible  to  the  little  destroyers.  The 
excavations  are  made  by  the  insects  for  the  purpose  of  obtaining  food 

VI  to  serve  as  habitations  and  nurseries  for  the  great  number  of 
ividuals  which  occupy  them. 


FIG.  52.— Work  of  white  ant,  or  termite,  Termes  flavipes,  in  sound 
and  dry  red  oak  molding  from  door  casing:  a,  inner  portion;  b, 
longitudinal  section;  c,  outer  surface;  d,  male;  e,  female;  /,  sol- 
dier; (7,  worker,  natural  size.  (Original.) 
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These  insects  are  not  true  ants,  but  resemble  them  somewhat  in  size 
and  general  appearance.  They  correspond  in  their  social  habits  to 
ants  and  bees  in  that  each  colony  includes  workers,  soldiers,  males  and 
females  (winged  or  wingless),  and  a  single  royal  pair.a 

BLACK   ANTS. 

The  work  of  the  true  ants  in  wood  somewhat  resembles  that  of  white 
ants,  and  is  done  for  the  same  or  similar  purposes  and  under  similar 

conditions,  but  is  much  less  common 
or  injurious.  It  usually  consists  in 
the  extension  of  the  work  or  damage 
started  by  other  wood-boring  insects, 
through  the  galleries  of  which  the 
black  ant  gains  entrance  to  the  inner 
wood,  which  is  sometimes  honey- 
combed. 

CARPENTER   BEES. 

The  work  of  this  class  of  wood- 
boring  bees  is  shown  in  figure  53. 
The  injury  consists  of  large  augerhole- 
like  tunnels  in  exposed  solid  dry  wood 
of  buildings  and  other  structures.  It 
is  most  common  in  soft  woods,  such 
as  pine,  poplar,  redwood,  and  the  like, 
the  latter  being  especially  liable  to 
attack  in  California  and  the  Southwest. 

NUT    WEEVILS   AND    THEIR   ALLIES. 

The  characteristic  work  of  this  class 
of  insects  is  a  mined  or  mealy  condi- 
tion of  the  kernel  or  inner  parts,  the 
surface  being  pierced  by  round  holes 
and  otherwise  injured  or  destroyed. 
The  loss  results  from  the  worthless 
condition  of  the  infested  material  as 
an  article  of  commerce,  as  food,  and 
for  planting,  whether  naturally  or 
artificially. 

Many  kinds  of  insects  are  respon- 
sible for  injuries  of  this  kind,  such  as 
weevils  and  other  beetles,  caterpillars  of  moths,  and  gall  flies.  In  most 
cases  where  the  inner  portion  of  nuts  or  seeds  is  injured  by  weevils,  the 

«  For  further  information  on  these  insects,  see  article  by*  C.  L.  MarJatt,  in  Bulletin 
No.  4,  new  series,  of  the  Bureau  of  Entomology. 


FIG.  53.— Work  of  carpenter  bee,  Xylocopa 
orpifex,  in  redwood  lumber  from  San 
Jose,  Cal.:  a,  entrance;  b,  galleries;  c, 
cells;  d,  larva;  e,  adult — slightly  re- 
duced. (Original.) 
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eggs  are  deposited  in  the  young  pods,  so  that  the  entrance  burrows 
made  by  the  minute  young  larvrc  are  completely  hidden  before  the 
nuts  are  matured.  After  the  larvae  in  nuts  complete  their  growth 
they  bore  their  way  out  and  enter  the  ground  to  pass  the  winter,  and 
transform  to  the  adult  the  next  season.  In  certain  kinds  of  seeds  the 
transformation  to  the  adult  takes  place  within. a 

DRUG    1JRETLE8. 

Injury  by  this  class  of  enemies  to  certain  medicinal  products  of  the 
forest  consists  of  the  honeycombed,  sieve-like,  or  powdered  condition 
of  certain  kinds  of  barks,  roots,  stems,  leaves,  and  seeds.  The  insects 
responsible  for  the  work  belong  to  the  class  of  true  powder  post  borers, 
and  have  similar  habits. 

CONDITIONS    FAVORABLE    FOR    INSECT   INJURY. 

CRUDE   PRODUCTS. 

ROUND  TIMBER  WITH  BARK  ON-. — Newly  felled  trees,  sawlogs,  tele^ 
graph  poles,  posts,  and  like  material,  cut  in  the  fall  and  winter  and 
left  on  the  ground  or  in  close  piles  during  a  few  weeks  or  months  in 
the  spring  and  summer,  are  especial^  liable  to  injury  by  ambrosia 
beetles  (figs.  43,  44,  and  45),  round  and  flat-headed  borers  (fig.  46), 
and  timber  worms  (fig.  47),  as  are  also  trees  felled  in  the  warm 
season  and  left  for  a  time  before  working  up  into  lumber.  The  proper 
degree  of  moisture  found  in  freshly  cut  living  or  dying  wood,  and  the 
period  when  the  insects  are  flying,  are  the  conditions  most  favorable 
for  attack.  This  period  of  danger  varies  with  the  time  of  the  year  the 
timber  is  felled  and  with  different  kinds  of  trees.  Those  felled  in  late 
fall  and  winter  will  generally  remain  attractive  to  ambrosia  beetles 
and  the  adults  of  round  and  flat-headed  borers  during  March,  April, 
and  May.  Those  felled  in  April  to  September  may  be  attacked  in  a 
few  days  after  they  are  felled,  and  the  period  of  danger  may  not 
extend  over  more  than  a  few  weeks.  Certain  kinds  of  trees  felled 
during  certain  months  and  seasons  are  never  attacked,  because  the 
danger  period  prevails  only  when  the  insects  are  flying;  on  the  other 
,  hand,  if  the  same  kinds  of  trees  are  felled  at  a  different  time,  the  con- 
i  ditions  majT  be  most  attractive  when  the  insects  are  active,  and  they 
will  be  thickly  infested  and  ruined. 

The  presence  of  bark  is  absolutely  necessary  for  infestation  by  most 
|  of  the  wood-boring  grubs,  since  the  eggs  and  young  stages  must 
;  occupy  the  outer  and  inner  portions  before  they  can  enter  the  wood. 
Some  ambrosia  beetles  and  timber  worms  will,  however,  attack  barked 
logs,  especially  those  in  close  piles  and  otherwise  shaded  and  pro- 
tected from  rapid  drying.  The  sapwood  of  pine,  spruce,  fir,  cedar, 

«For  further  information  on  these  insects,  see  article  by  F.  H.  Chittenden,  Bulle- 
tin No.  44,  Bureau  of  Entomology,  pp.  24-43. 
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cypress,  and  like  soft  wood  is  especially  liable  to  injury  by  ambrosia 
beetles,  while  the  heartwood  is  sometimes  ruined  by  a  class  of  round- 
headed  borers  known  as  sawyers.  Yellow  poplar,  oak,  chestnut,  gum. 


FIG.  54. — Work  of  round-headed  borer,  Callidium  antennatum,  in  white  pine  bucket  staves  from 
Hampshire:  a,  where  egg  was  deposited  in  bark;  b,  larval  mine;  c,  pupal  cell:  (I,  exit  in  barl 
e,  adult,  slightly  reduced.    (Original.) 

hickor}r,  and  most  other  hardwoods,  are,  as  a  rule,  attacked  by  species 

of  ambrosia  beetles,  sawyers,  and  timber  worms  different  from  those 

infesting  the  pines,  there  being  but  very  few  species  which  attack  both. 

Mahogany  and  other  rare  and  valuable  woods  imported  from  the 
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Tropics  to  this  country  in  the  form  of  round  logs,  with  or  without  the 
bark  on,  are  commonly  damaged,  more  or  less  seriously,  by  ambrosia 
beetles  and  timber  worms.  It  would  appear,  from  the  writer's  investi- 
gations of  logs  as  received  at  the  mills  in  this  country,  that  the  prin- 
cipal damage  is  done  during  a  limited  period  from  the  time  the  trees 
are  felled  until  they  are  placed  in  the  fresh  or  salt  water  for  trans- 
portation *to  the  shipping  points.  If,  however,  the  logs  are  loaded  on 
the  vessel  direct  from  the  shore,  or  if  not  left  in  the  water  long  enough 
to  kill  the  insects,  the  latter  will  continue  their  destructive  work  during 
transportation  to  this  country  and  after  they  arrive  until  cold  weather 
ensues  or  the  logs  are  converted  into  lumber.  It  .was  also  found  that 
a  thorough  soaking  in  sea  water,  while  it  usually  killed  the  insects  at 
the  time,  did  not  prevent  subsequent  attack  by  both  foreign  and  native 
ambrosia  beetles;  also,  that  the  removal  of  the  bark  from  such  logs 
previous  to  their  immersion  did  not  render  them  entirely  immune. 
Indeed,  it  was  found  that  those  with  the  bark  off  were  attacked  more 
than  those  with  it  on,  owing,  doubtless,  to  the  greater  amount  of 
saline  moisture  absorbed  and  retained  by  the  bark. 

From  the  foregoing  it  will  be  seen  that  some  requisites  for  pre- 
venting insect  injuries  to  round  timber  are: 

(1)  To  provide  for  as  little  delay  as  possible  between  the  felling 
of  the  tree  and  its  manufacture  into  rough  products.     This  is  especially 
necessary  with  trees  felled  from  April  to  September  in  the  region 
north  of  the  Gulf  States,  and  from  March  to  November  in  the  latter, 
while  the  late  fall  and  winter  cutting  should  all  be  worked  up  by 
March  or  April. 

(2)  If  the  round  timber  must  be  left  in  the  woods  or  on  the  skid- 
ways  during  the  danger  period,  every  precaution  should  be  taken  to 
facilitate  rapid  drying  of  the  inner  bark,  by  keeping  the  logs  off  the 
ground,  in  the  sun,  or  in  loose  piles;  or  else  the  opposite  extreme 
should  be  adopted,  and  the  logs  kept  in  water. 

(3)  The  immediate  removal  of  all  of  the  bark  from  poles,  posts,  and 
other  material  which  will  not  be  seriously  damaged  by  checking  or 
season  cracks. 

(4)  To  determine  and  utilize  the  proper  months  or  seasons  to  girdle 
:   or  fell  different  kinds  of  trees.     Bald  cypress  in  the  swamps  of  the 

South  are  girdled  in  order  that  they  may  die  and  in  a  few  weeks  or 
months  dry  out  and  become  light  enough  to  float.  This  method  has 
been  extensively  adopted  in  sections  where  it  is  the  only  practicable  one 
by  which  the  timber  can  be  transported  to  the  sawmills.  It  is  found, 
however,  that  some  of  these  girdled  trees  are  especially  attractive  to 
several  species  of  ambrosia  beetles  (figs.  43,  44,  and  45),  round-headed 
borers  (tig.  46),  and  timber  worms  (fig.  47),  which  cause  serious  injury 
to  the  sapwood  or  heartwood,  while  other  trees  girdled  at  a  different 
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time  or  season  are  not  injured.  This  suggested  to  the  writer  the 
importance  of  experiments  to  determine  the  proper  time  to  girdle  trees 
to  avoid  losses,  and  they  are  now  being  conducted  on  an  extensive 
scale,  in  cooperation  with  prominent  cypress  operators  in  different 
sections  of  the  cypress-growing  region. 

SAPLINGS. — Saplings,  including  hickory  and  other  round  hoop  poles 
and  similar  products,  are  subject  to  serious  injuries  and  destruction  by 
round  and  flat-headed  borers  (fig.  46)  and  certain  species  of  powder 
post  borers  (figs.  48  and  49)  before  the  bark  and  wood  are  dead  or  dry, 
and  also  by  other  powder  post  borers  (fig.  50),  after  they  are  dried  and 
seasoned.  The  conditions  favoring  attack  by  the  former  class  are 
those  resulting  from  leaving  the  poles  in  piles  or  bundles  in  or  near 
the  forest  for  a  few  weeks  during  the  season  of  insect  activity,  and 
by  the  latter,  from  leaving  them  stored  in  one  place  for  several  months. 

STAVE  AND  SHINGLE  BOLTS. — These  are  attacked  by  ambrosia  beetles 
(figs.  43-45)  and  the  oak  timber  worm  (fig. 47,  a),  which,  as  has  been  fre- 
quently reported,  cause  serious  losses.  The  conditions  favoring  attack 
by  these  insects  are  similar  to  those  mentioned  under  u  Round  timber." 
The  insects  may  enter  the  wood  before  the  bolts  are  cut  from  the  log, 
or  afterwards,  especially  if  the  bolts  are  left  in  moist,  shady  places  in 
the  woods  in  close  piles  during  the  danger  period.  If  cut  during  the 
warm  season,  the  bark  should  be  removed  and  the  bolts  converted  into 
the  smallest  practicable  size  and  piled  in  such  a  manner  as  to  facilitate 
rapid  drying. 

HANDLE  AND  WAGON  STOCK  IN  THE  ROUGH. — The  crude  material 
from  which  this  class  of  products  is  manufactured  is  especially  liable 
to  injury  by  ambrosia  beetles  and  round-headed  borers,  and,  during  the 
warmer  seasons,  special  precaution  is  required  to  prevent  damage. 
The  conditions  favoring  attack  of  the  round  logs  and  bolts  are  the 
same  as  with  other  round  timber.  Hickory  and  ash  in  the  round  with 
the  bark  on  are  almost  certain  to  be  greatty  damaged  if  the  winter  and 
spring  cuttings  are  held  over  a  few  weeks  after  the  middle  of  March 
or  first  of  April. 

PULPWOOD  AND  CORDWOOD. — Pulpwood  is  injured  by  ambrosia 
beetles  and  round-headed  borers,  and  cordwood  by  the  latter.  The 
conditions  favoring  attack  are  those  resulting  from  close  piling,  and 
leaving  in  the  woods,  or  in  shady  damp  places,  from  a  few  weeks  after 
the  first  of  April  to  the  first  of  August.  Material  of  this  kind  is 
sometimes  riddled  with  holes,  or  converted  into  "sawdust,"  if  left  in 
close  piles  for  a  few  months  during  the  summer.  This  damage  can  be 
avoided,  to  a  great  extent,  by  placing  the  sticks  of  wood  in  triangular, 
or  crib,  piles  immediately  after  they  are  cut  from  the  tree — a  common 
practice  in  the  South.  This  facilitates  rapid  drying  and  renders  the 
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wood  immune.     Peeling  and  splitting  of  the  wood  before  it  is  piled  is 
also  desirable  for  the  same  purpose. 


UNSEASONED    PRODUCTS    IN   THE   ROUGH. 


Freshly  sawed  hardwood  lumber  placed  in  close  piles  during  warm, 
damp  weather  in  July  and  September  presents  especially  favorable 
conditions  for  injury  by  ambrosia  beetles  (figs.  43,  #,  and  45,  a.)  This 
is  due  to  the  continued  moist  condition  of  such  material.  Heavy 
2-inch  or  3-inch  stuff  is  also  liable  to  attack  even  in  loose  piles  with 
lumber  sticks.  An  example  of  the  latter  was  found  in  a  valuable  lot 
of  mahogany  lumber  of  first  grade,  the  value  of  which  was  reduced 
two-thirds  by  injury  from  a  native  ambrosia  beetle.  Numerous  com- 
plaints have  been  received  from  different  sections  of  the  country  of 
this  class  of  injury  to  oak,  poplar,  gum,  and  other  hardwoods.  In  all 
cases  it  is  the  moist  condition  and  retarded  drying  of  the  lumber  which 
induces  attack;  therefore  any  method  which  will  provide  for  the 
rapid  drying  of  the  lumber,  before  or  after  piling,  will  tend  to  pre- 
vent losses.  It  is  important  that  heavy  lumber  should,  as  far  as 
possible,  be  cut  in  the  winter  and  piled  so  that  it  will  be  well  dried 
out  before  the  middle  of  March. 

Lumber  and  square  timber  with  the  bark  on  the  edges  or  sides 
often  suffer  from  injuries  by  flat  and  round-headed  borers  hatching 
from  eggs  deposited  in  the  bark  of  the  logs  before  they  are  sawed  or 
after  the  lumber  has  been  sawed  and  piled.  One  example  of  serious 
damage  and  loss  was  reported  in  which  white  pine  staves  for  paint 
buckets  and  other  small  wooden  vessels,  which  had  been  sawed  from 
small  logs  and  the  bark  left  on  the  edges,  were  attacked  by  a  round- 
headed  borer,  the  adults  having  deposited  their  eggs  in  the  bark  after 
the  stock  was  sawed  and  piled.  The  character  of  the  injury  is  shown 
in  figure  54,  page  392. 

Another  example  was  reported  from  a  manufacturer  in  the  South, 
where  the  pieces  of  lumber  which  had  a  strip  of  bark  on  one  side 
were  seriously  damaged  by  the  same  kind  of  borer,  the  eggs  having 

|  been  deposited  in  the  logs  before  sawing  or  in  the  bark  after  the  lum- 
ber was  piled.  If  the  eggs  are  deposited  in  the  logs  and  the  borers 

'  have  entered  the  inner  bark,  or  the  wood,  before  sawing,  they  may 
continue  their  work  regardless  of  methods  of  piling;  but  if  such  lumber 
is  cut  from  new  logs  and  placed  in  the  pile  while  green,  with  the  bark 
surface  up,  it  will  be  much  less  liable  to  attack  than  if  piled  with  the 
bark  down. '  This  liability  of  lumber,  with  bark  edges  or  sides,  to  be 

'  attacked  by  insects  suggests  the  importance  of  the  removal  of  the  bark 

i  to  prevent  damage,  or,  if  this  is  not  practicable,  the  lumber  with  the 
bark  on  the  sides  should  be  piled  in  open,  loose  piles  with  the  bark  up, 
while  that  with  the  bark  on  the  edges  should  be  placed  on  the  outer 
edges  of  the  pile,  exposed  to  the  light  and  air. 
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A  moist  condition  of  lumber  and  square  timber,  such  as  results  from 
close  or  solid  piles  with  the  bottom  layers  on  the  ground,  or  on  a 
foundation  of  old  decaying  logs,  or  near  decaying  stumps  and  logs, 
offers  especially  favorable  conditions  for  the  attack  of  white  ants. 


.SEASONED    PRODUCTS    IN   THE   ROUGH. 


DRY  LUMBER.  —Dry  lumber  in  stacks  or  storage  is  liable  to  injury 
by  powder  post  borers  (fig.  50).  The  conditions  favoring  attack  are: 
(1)  The  presence  of  a  large  proportion  of  sapwood,  as  in  hickory, 
ash,  and  similar  woods;  (2)  material  which  is  two  or  more  years  old  or 
that  which  has  been  kept  in  one  place  for  a  long  time;  (3)  access  to 
old  infested  material.  Therefore  such  lumber  should  be  frequently 
examined  for  evidence  of  the  presence  of  these  insects.  This  is  always 
indicated  by  fine  flour-like  powder  on  or  beneath  the  piles,  or  otherwise 
associated  with  such  material.  All  infested  material  should  be  at  once 
removed  and  the  infested  parts  destroyed  b}^  burning. 

DRY  COOPERAGE,  WAGON,  AND  HANDLE  STOCK. — These  are  especially 
liable  to  attack  and  serious  injury  by  powder  post  borers  (fig.  50), 
under  the  same  or  similar  conditions  as  in  the  case  of  drv  lumber. 


FINISHED    OR    UTILIZED    PRODUCTS. 


TIMBERS  AND  OTHER  WOODWORK  IN  NEW  AND  OLD  BUILDINGS.— 
These  are  often  injured  by  powder  post  borers  (fig.  50),  or  white  ants 
(fig.  52).  If  by  the  former  in  new  structures,  it  indicates  that  infested 
material  was  used  in  the  structure  and  that  after  being  thus  intro-, 
duced  the  insects  continued  to  breed  and  extend  the  injuries,  regard- 
less of  paint -and  varnish  or  other  external  treatment  which  would 
otherwise  prevent  attack.  If  the  trouble  occurs  in  old  buildings  it  is' 
usually  due  to  a  large  proportion  of  sapwood  in  the  frame  timbers, 
flooring,  and  other  parts,  which,  owing  to  the  age  of  such  material, 
is  rendered  especially  attractive  to  certain  classes  of  powder  post 
borers.  After  such  wood  is  once  infested,  the  insects  continue  to 
breed  and  extend  their  work  for  many  years,  or  until  all  the  sapwood 
is  converted  into  powder.  Figure  51  illustrates  an  example  of  pine 
flooring  in  an  old  barn  which  was  damaged  by  one  species  of  this  class 
of  insects. 

The  conditions  in  new  or  old  buildings  favorable  for  attack  by  white 
ants  (fig.  52)  are  decayed  or  moist  wood  in  the  underpinning  and  fouin 
dation  timbers  which  are  near  the  ground,  or  the  location  of  buildings 
in  the  vicinity  of  decaying  wood  of  any  kind  in  which  the  insects  are 
breeding.  After  a  building  is  once  infested,  however,  the  destructive 
work  is  extended  into  sound  and  dry  wood.  Old  logs  and  stumps  are 
favorite  breeding  places  for  these  insects,  from  which  they  may  travel 
or  fly  to  a  considerable  distance  to  reach  suitable  places  to  extend 
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their  work;  therefore,  it  is  important  that  all  such  material  should  be 
removed  previous  to  the  construction  of  buildings  to  prevent  danger. 
The  creosote  treatment  of  frame  timbers  would  doubtless  prevent  the 
attack  of  powder  post  borors. 

WOODWORK  IN  WAGONS.  KI  KMTUKK,  ETC. — This  is  often  seriously 
damaged  or  destroyed  by  powder  post  borers  (rig.  50),  which  are  intro- 
duced by  the  use  of  infested  wood,  in  which  the}'  continue  to  work 
regardless  of  paint  and  subsequent  external  treatment. 

STAVES  AND  HEADINGS  OF  BARRELS  CONTAINING  ALCOHOLIC  LIQ- 
UIDS.— These  are  liable  to  attack  by  ambrosia  beetles  (figs.  43,  &,  and 


FIG.  55.— Work  of  the  hemlock  tanbark  destroyer,  Dinoderus  substriatus:  a,  bark  less  than  three  years 
old,  uninjured;  h,  bark  over  three  years  old;  c,  surface  of  inner  bark  eaten  by  adults;  d,  inner  por- 
tion destroyed  by  larva;  and  adults;  e,  adult,  natural  size.  (Original.) 

45,  «),  which  are  attracted  by  the  moist  condition,  and  possibly  by 
the  peculiar  odor  of  the  wood,  resembling  that  of  dying  sapwood  of 
trees  and  logs,  which  is  their  normal  breeding  place.  There  are  many 
examples  on  record  of  serious  losses  of  liquors  from  leakage  caused  by 
the  beetles  boring  through  the  staves  and  headings  of  barrels  and  casks 
in  cellars  and  storerooms. 

The  condition,  in  addition  to  the  moisture  of  the  wood,  which  is 
favorable  for  the  presence  of  the  beetles  is  proximity  to  their  breeding 


398         YEARBOOK    OF    THE    DEPARTMENT    OF    AGRICULTURE. 


places,  such  as  the  trunks  and  stumps  of  recently  felled  or  dying  oak, 
maple,  apple,  and  other  hardwood  or  deciduous  trees;  lumber  yards, 

sawmills,  freshly  cut  cordwood  from 
living  or  dead  trees,  and  forests  of 
hardwood  timber.  Under  such  con- 
ditions the  beetles  occur  in  great 
numbers,  and,  if  the  storerooms  and 
cellars  in  which  the  barrels  are  kept 
are  damp,  poorly  ventilated,  and 
readily  accessible  to  them,  serious 
injury  is  almost  certain  to  follow. 

TANBARK. — Favorable  conditions 
for  insect  attack  and  injury  to  tan- 
bark  (figs.  55  and  56)  are  found  in 
that  which  is  over  three  years  old 
from  the  time  it  is  taken  from  the 
tree.  This  suggests  at  once  a  simple 
and  practical  method  of  preventing 
losses — that  of  labeling  the  different 
lots,  or  piles,  with  the  year  the  bark 
was  peeled,  and  then  utilizing  it  be- 
fore it  is  old  enough  to  be  in  danger 
of  attack.  While  it  is  a  common 
practice  for  tanners  and  dealers  to 
keep  a  record  of  the  age  for  other 
reasons,  the  utilization  of  the  bark 
within  three  years  is  by  no  means 
universal,  as  was  demonstrated  by 
the  writer's  investigation  at  one  tan- 
nery, where  $50,000  to  $75,000  worth 
of  old  hemlock  bark  was  found  to 
have  been  rendered  almost  worthless,  while  the  remainder  of  the  bark 
in  the  yards,  which  was  less  than  three  }7ears  old,  showed  no  damage 
whatever. 


FIG.  56.— Work  of  round-headed  borer,  Phy- 
matodes  variabilis,  in  oak  tanbark:  o, 
adult.  (Original. ) 
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Contribution  from  the  Bureau  of  Entomology,  L.  O.  Howard,  Chief. 
January  29,  1914. 

THE  GIPSY  MOTH  AND  THE  BROWN-TAIL  MOTH, 
WITH  SUGGESTIONS  FOR  THEIR  CONTROL. 


By  A.  F.  BURGESS, 
In  Charge  of  Gipsy  Moth  and  Brown-tail  Moth  Investigations. 

INTRODUCTION. 

In  1869  a  number  of  egg  clusters  of  the  gipsy  moth  (Porthetria 
L.),  a  destructive  insect  pest  in  Europe,  were  brought  from 
France  to  Medford,  Mass.,  by  a  naturalist  who  was  carrying  on  ex- 
perimental work  with  insects.  Later  in  the  season  some  of  the  cater- 
pillars escaped,  and  although  none  was  found  in  the  vicinity  during 
tlie  next  few  years,  enough  specimens  survived  to  enable  the  species 
to  establish  itself.  In  the  summer  of  1889  this  insect  became  so 
abundant  that  fruit  and  shade  trees  in  the  neighborhood  were  com- 
pletely defoliated,  and  the  caterpillars  swarmed  over  the  trees  and 
into  the  houses  and  became  a  serious  nuisance.  This  resulted  in  the 
l(»ss  of  valuable  trees  and  in  the  depreciation  of  property  values  in 
that  section. 

For  about  10  years  effective  work  against  the  gipsy  moth  was  car- 

j  ried  on  by  the  State  of  Massachusetts,  and  during  this  period  the 

insect  was  kept  under  control.     The  work  was  discontinued  in  1900, 

l»i  it  the  species  had  become  so  abundant  and  had  caused  such  wide- 

spread injury  by   1905  that  systematic  work  was  renewed  by  the 

State  in  order  to  protect  the  tree  growth  in  the  infested  area.    This 

work  has  been  continued  up  to  the  present  time,  and  as  the  insect 

has  spread  to  other  New  England  States  it  has  become  necessary 

!  to  institute  more  extensive  control  measures. 

In  1906,  after  the  gipsy  moth  had  become  established  in  New 
Hampshire  and  Rhode  Island,  as  well  as  in  Massachusetts,  an  ap- 
propriation was  made  by  Congress  for  suppressing  it,  and  the  Secre- 
tary of  Agriculture  was  authorized  to  take  all  possible  measures  to 
I  prevent  its  spread.  Since  that  time  work  has  been  carried  on  each 
year.  The  area  now  known  to  be  infested  is  shown  on  the  accom- 
panying map  (fig.  1). 

The  brown-tail  moth  (Euproctis  chrysorrhcea  L.)  was  first  found 
in  the  United  States  in  Somerville,  Mass.,  during  the  summer  of  1897 
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and  was  undoubtedly  introduced  some  seasons  previous  to  that  time 
on  imported  nursery  stock.  The  work  of  preventing  damage  by  this 
insect  was  undertaken  by  the  State  of  Massachusetts  soon  after  the 
pest  was  discovered.  This  species  occurs  in  many  sections  of  Europe 
and  is  often  seriously  injurious.  It  spreads  rapidly  because  the 
females  are  able  to  fly  long  distances.  The  accompanying  map 
(fig.  1)  shows  the  area  in  New  England  which  is  now  infested  by  the 
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FIG.   1. — Map   showing  area  infested  and  quarantined  for  the  gipsy   moth  and  the 
brown-tail  moth,  1913.      (Original.) 

brown-tail  moth.  Suppressive  measures  by  the  New  England  States 
and  by  the  Federal  Government  have  been  directed  against  this  in- 
sect as  well  as  against  the  gipsy  moth. 

It  is  the  purpose  of  this  bulletin  to  give  a  brief  statement  of  the  life 
history  and  habits  of  these  two  species  and  to  suggest  the  best  methods 
that  can  be  adopted  for  their  control. 
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The  methods  of  protecting  orchards  and  the  street,  park,  and  orna- 
mental trees  in  cities  and  towns  are  set  forth  on  the  following  pages, 
and  these  methods  have  been  adopted  as  a  result  of  many  extensive 
experiments.  A  proper  system  of  orchard  management  can  be 
adopted  which  will  enable  the  owner  of  infested  trees  to  protect  them 
fully  without  very  much  expense  additional  to  that  required  for  the 
control  of  the  other  injurious  orchard  insects.  The  expense  of  caring 
for  infested  city  or  park  trees  is  somewhat  greater  than  in  the  case 
of  infested  orchards,  but  practical  methods  can  be  adopted  which  will 
not  render  the  cost  prohibitive. 

The  control  of  these  insects  in  forests  is  extremely  difficult,  owing 
to  the  small  amount  of  money  that  any  owner  can  afford  to  expend 
in  preventing  injury  to  his  woodlands.  This  being  so  it  is  usually 
more  satisfactory  to  have  the  woodland  examined  by  an  expert 
familiar  with  the  insects  and  the  best  measures  to  be  used  for  their 
control  in  order  that  suggestions  for  treatment  may  be  made  w^hich 
will  be  applicable  to  the  conditions  in  each  particular  case.  Such  in- 
formation can  usually  be  obtained  from  the  State  or  local  officials 
engaged  in  gipsy  moth  and  brown-tail  moth  work,  and  so  far  as 
possible  this  office  will  cooperate  with  owners  and  give  practical 
advice  and  suggestions  as  to  the  management  of  their  infested 
premises. 

THE  GIPSY  MOTH. 

LIFE  HISTORY. 

(Fig.  2.) 

The  eggs. — The  female  gipsy  moth  deposits  a  cluster  containing 

<400  eggs  or  more,  which  she  covers  Avith  buff-colored  hair.    Most  of 

the  egg  clusters  are  laid  during  the  month  of  July  and  hatch  about 

the  time  the  leaves  begin  to  appear  the  following  spring.     They  are 

deposited  on  the  underside  of  branches  of  trees,  on  tree  trunks,  under 

loose  bark,  or  in  cavities  in  the  trunks  or  branches,  and  are  sometimes 

placed  on  stones  or  rubbish  and  in  a  variety  of  situations  where  they 

are  concealed  from  view.     As  the  female  moth  does  not  fly,  egg 

blusters  are  seldom  found  far  from  the  food  plant  upon  \vhich  the 

•aterpillars  developed. 

The  larvae. — The  newly-hatched  larvae  feed  on  the  opening  leaves, 
naking  small  perforations.  They  grow  rapidly  and  become  full  fed 
•arly  in  July.  During  this  period  they  molt  five  or  six  times,  and  as 
hey  increase  in  size  a  larger  proportion  of  the  foliage  is  eaten,  so 
hat  if  the  infestation  is  severe,  trees  may  be  completely  stripped  of 
'oliage  before  the  end  of  June. 

The  pujxt '. — When  full  grown  the  caterpillars  shed  their  skin  and 
ransform  to  pupae,  which  are  chestnut  brown  in  color  and  pro- 
ided  with  tufts  of  yellow  hairs.  They  remain  in  this  dormant  stage 
'  >r  about  10  days,  after  which  the  adult  insects  emerge. 
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and  was  undoubtedly  introduced  some  seasons  previous  to  that  time 
on  imported  nursery  stock.  The  work  of  preventing  damage  by  this 
insect  was  undertaken  by  the  State  of  Massachusetts  soon  after  the 
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FIG.   1. — Map   showing  area  infested  and  quarantined  for  the  gipsy   moth  and  the 
brown-tail  moth,  1913.      (Original.) 

brown-tail  moth.  Suppressive  measures  by  the  New  England  States 
and  by  the  Federal  Government  have  been  directed  against  this  in- 
sect as  well  as  against  the  gipsy  moth. 

It  is  the  purpose  of  this  bulletin  to  give  a  brief  statement  of  the  life 
history  and  habits  of  these  two  species  and  to  suggest  the  best  methods 
that  can  be  adopted  for  their  control. 
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The  methods  of  protecting  orchards  and  the  street,  park,  and  orna- 
mental trees  in  cities  and  towns  are  set  forth  on  the  following  pages, 
and  these  methods  have  been  adopted  as  a  result  of  many  extensive 
experiments.  A  proper  system  of  orchard  management  can  be 
adopted  which  will  enable  the  owner  of  infested  trees  to  protect  them 
fully  Avithout  very  much  expense  additional  to  that  required  for  the 
control  of  the  other  injurious  orchard  insects.  The  expense  of  caring 
for  infested  city  or  park  trees  is  somewhat  greater  than  in  the  case 
of  infested  orchards,  but  practical  methods  can  be  adopted  which  will 
not  render  the  cost  prohibitive. 

The  control  of  these  insects  in  forests  is  extremely  difficult,  owing 
to  the  small  amount  of  money  that  any  owner  can  afford  to  expend 
in  preventing  injury  to  his  woodlands.  This  being  so  it  is  usually 
more  satisfactory  to  have  the  woodland  examined  by  an  expert 
familiar  with  the  insects  and  the  best  measures  to  be  used  for  their 
control  in  order  that  suggestions  for  treatment  may  be  made  which 
Avill  be  applicable  to  the  conditions  in  each  particular  case.  Such  in- 
formation can  usually  be  obtained  from  the  State  or  local  officials 
engaged  in  gipsy  moth  and  brown-tail  moth  work,  and  so  far  as 
possible  this  office  will  cooperate  with  owners  and  giA7e  practical 
advice  and  suggestions  as  to  the  management  of  their  infested 
premises. 

THE  GIPSY  MOTH. 

LIFE  HISTORY. 

(Fig.  2.) 

The  eggs. — The  female  gipsy  moth  deposits  a  cluster  containing 
400  eggs  or  more,  Avhich  she  covers  with  buff-colored  hair.  Most  of 
'  the  egg  clusters  are  laid  during  the  month  of  July  and  hatch  about 
the  time  the  leaves  begin  to  appear  the  following  spring.  They  are- 
deposited  on  the  underside  of  branches  of  trees,  on  tree  trunks,  under 
loose  bark,  or  in  cavities  in  the  trunks  or  branches,  and  are  sometimes 
placed  on  stones  or  rubbish  and  in  a  variety  of  situations  where  they 
are  concealed  from  vieAV.  As  the  female  moth  does  not  fly,  egg 
dusters  are  seldom  found  far  from  the  food  plant  upon  Avhich  the 
caterpillars  developed. 

The  larvce. — The  newly-hatched  larvae  feed  on  the  opening  leaves, 
making  small  perforations.  They  groAv  rapidly  and  become  full  fed 
early  in  July.  During  this  period  they  molt  five  or  six  times,  and  as 
they  increase  in  size  a  larger  proportion  of  the  foliage  is  eaten,  so 
that  if  the  infestation  is  severe,  trees  may  be  completely  stripped  of 
foliage  before  the  end  of  June. 

The  pi<i>«\ — When  full  grown  the  caterpillars  shed  their  skin  and 
transform  to  pupae,  which  are  chestnut  brown  in  color  and  pro- 
vided with  tufts  of  yelloAv  hairs.  They  remain  in  this  dormant  stage 
Tor  about  10  days,  after  Avhich  the  adult  insects  emerge. 
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The  adults. — The  male  moth  is  dark  brown  in  color,  with  black 
wing  markings,  and  flies  well.    The  female  is  white,  with  black  mark- 


FIG.  2. — Different  stages  of  the  gipsy  moth  (Porthetria  dispar)  :  Egg  mass  on  center 
of  twig ;  female  moth  ovipositing  just  below  ;  female  moth  below,  at  left,  enlarged ; 
male  moth,  somewhat  reduced,  immediately  above  ;  female  moth  immediately  above, 
somewhat  reduced  ;  male  moth  with  wings  folded  in  upper  left ;  male  chrysalis  at 
right  of  this;  female  chrysalis  again  at  right;  larva  at  center.  (Original.) 

ings  on  the  wings,  and  does  not  fly  on  account  of  the  weight  of  the 
abdomen.    After  mating  the  females  begin  depositing  eggs. 
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FOOD  PLANTS 

The  most  favored  food  plants  of  the  gipsy  moth  are  the  apple,  the 
different  species  of  oak,  gray  birch,  alder,  and  willow.  In  cases  of 
had  infestation  nearly  all  of  our  deciduous  trees  are  injured  to  a 
greater  or  less  extent,  with  the  exception  of  ash.  Hickory  is  not  a 
favored  food  plant,  although  the  foliage  occasionally  shows  severe 
feeding.  Chestnut  will  not  support  the  gipsy  moth  when  the  cater- 
pillars are  in  the  first  stage,  and  pine  will  not  support  the  first  two 
.Mages:  but  if  other  food  plants  are  present  severe  injury  may  result 
from  feeding  by  the  larger  caterpillars.  Beech  is  sometimes  fed  upon 
freely,  and  occasionally  the  trees  are  defoliated;  and  the  same  is  true 
of  poplar. 

INJURY  CAUSED  BY  THE  GIPSY  MOTH. 

Unless  reduced  in  numbers  by  natural  enemies,  or  by  the  applica- 
tion of  control  measures,  the  gipsy  moth  is  capable  of  causing  enor- 
mous injury  to  tree  growth.  In  the  area  in  New  England  which  has 
suffered  most  from  this  insect  thousands  of  trees  are  dead  as  a  result 
of  defoliation.  (See  fig.  3.)  Apple  and  oak  have  been  injured  most, 
but  pine  and  other  coniferous  trees  mixed  with  deciduous  growth  have 
suffered  severely. 

It  is  undoubtedly  true  that  many  oak  trees  which  have  been  se- 
verely weakened  as  a  result  of  defoliation  by  the  gipsy  moth  and  the 
brown-tail  moth  have  failed  to  recover  because  of  the  attacks  of  cer- 
tain wood-boring  insects.  The  species  which  has  caused  the  most 
damage  in  this  way  is  Agrilus  bilineatus  Web.,  a  beetle  the  larva  of 
which  feeds  beneath  the  bark  of  injured  trees. 

NATURAL  ENEMIES. 

There  are  few  insect  enemies  of  the  gipsy  moth  native  to  New 
England  that  cause  any  noticeable  benefit  in  reducing  its  numbers. 
This  is  shown  by  the  fact  that  between  the  years  1900  and  1905,  when 
no  systematic  effort  was  made  to  suppress  the  insect,  alarming  injury 
resulted,  and  native  insect  enemies  did  not  increase  to  any  marked 
degree.  The  same  is  true  of  the  work  of  native  insectivorous  birds. 
While  they  undoubtedly  feed  to  some  extent  on  gipsy-moth  cater- 
pillars, there  is  no  case  on  record  where  they  have  been  able  to  control 
the  species.  The  wilt  disease,  which  possibly  may  have  occurred  in 
this  country  for  many  years,  has  only  recently  become  sufficiently 
abundant  to  be  a  prominent  factor  in  natural  control. 

INTRODUCED  PARASITES  AND  ENEMIES. 

In  1905  an  effort  was  made  by  the  State  of  Massachusetts,  in  co- 

I  operation  with  the  Bureau  of  Entomology,  United  States  Department 

of  Agriculture,  to  introduce  the  parasites  and  natural  enemies  of  the 
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gipsy  moth  from  its  native  home  in  Europe  and  Japan.  Since  that 
time  a  large  amount  of  parasitized  material  has  been  received  nearly 
every  year,  and  as  a  result  some  promising  natural  enemies  have 
become  established  in  this  country  and  are  assisting  in  bringing  about 
the  control  of  the  species.  The  enemies  which  have  become  estab- 


lished and  are  at  present  destroying  the  largest  number  of  gipsy-moth 
caterpillars  and  pupae  are  a  Calosoma  beetle  (Calosoma  sycophanta 
L.)  ;  a  tachinid  fly  (CompsUura  concinnata  Meig.),  which  is  also  a 
parasite  of  the  brown-tail  moth ;  and  a  species  of  Apanteles  ( Apan- 
leles  lacteicolor  Vier.),  which  attacks  small  gipsy-moth  and  small 
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brown-tail  moth  caterpillars.  Two  species  of  egg  parasites,  namely, 
Xchedius  k'urann  I  Low.,  which  was  imported  from  Japan,  and  Anas- 
tattix  I>if(i*ci-(itn8  Fonsc.,  which  was  secured  from  Europe,  have  also 
been  colonized  in  a  portion  of  the  infested  area  and  are  valuable 
additions  to  the  natural  enemies  of  this  insect. 

During  the  past  year  the  work  of  the  natural  enemies  of  the 
gipsy  moth,  including  the  imported  parasites,  the  Calosoma  beetle, 
Mini  the  wilt  disease,  has  served  greatly  to  reduce  the  numbers  of  the 
insi  ft  in  many  badly  infested  localities.  This  is  particularly  true 
in  the  region  which  has  been  infested  longest,  and  it  is  hoped  that 
when  these  enemies  of  the  moth  have  become  established  in  large 
numbers  over  the  entire  infested  territory  the  insect  will  be  much 
less  a  destructive  factor  than  it  is  at  present.  Until  such  time  as  this 
can  be  brought  about,  however,  the  most  effective  hand  or  mechanical 
methods  of  fighting  this  pest  should  be  continued. 

rTHE  BROWN-TAIL  MOTH. 
LIFE  HISTORY. 
(Fig.  4). 
u  v  s. — The  female  brown-tail  moth  deposits  a  small  cluster  of 
eggs  on  the  underside  of  a  leaf.    These  eggs  are  usually  laid  in  July 
and  are  covered  with  brown  hair  taken  from  the  body  of  the  female. 
Hatching  begins  about  the  15th  of  August. 

The  larvw. — The  newly  hatched  .larvae  of  this  insect  feed  on  the 
epidermis  of  the  leaf  and  after  molting  once  or  twice  begin  to  con- 
struct a  winter  web.    This  is  made  by  drawing  together  several  termi- 
nal leaves  and  securely  fastening  them  by  silk  which  is  secreted  by 
j   the  caterpillars.    The  larvae  from  one  or  more  egg  clusters  live  and 
feed  in  common,  and  as  cold  weather  approaches  they  retire  to  the 
web.  in  which  they  remain  during  the  winter.     In  the  spring  these 
larva?  leave  the  web  as  soon  as  the  buds  begin  to  develop  and  feed 
upon  the  bud  scales  and  small  leaflets.     They  become   full-grown 
;  about  the  middle  of  June. 

The  pupce. — After  the  caterpillars  finish  feeding  they  spin  loose 
silken  cocoons  and  pupate  within  them.  These  cocoons  are  some- 
times constructed  separately,  but  in  many  cases  large  numbers  of 
them  are  spun  in  a  single  mass.  About  two  weeks  are  spent  in  the 
pupal  state. 

The  adults. — Emergence  of  the  moth  usually  begins  the  first  week 

;  in  July.     The  adult  brown-tail  moth  is  pure  white  in  color.     The 

abdomen  of  the  female  is  much  larger  than  that  of  the  male,  but  in 

both  sexes  the  tip  of  the  abdomen  is  covered  with  dark-brown  hairs. 

These  moths  are  attracted  to  strong  light,  such  as  electric  arc  lights, 

and  as  they  fly  at  night  it  is  often  possible  to  secure  many  specimens 

1  around  the  arc  lights  in  cities  and  towns  during  the  first  half  of  the 

I  month  of  July. 
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The  caterpillars  of  the  brown-tail  moth  commonly  feed  on  apple, 
pear,  plum,  oak,  and  willow,  and  they  are  sometimes  found  in  con- 


FIG.  4. — Different  stages  of  the  brown-tail  moth  (Euproctis  chrysorrhoea)  :  Winter 
nest  at  upper  left ;  male  and  female  adults,  lower  right ;  cocoon  in  leaves,  upper 
right ;  male  and  female  chrysalides  above,  male  at  left ;  full-growu  larva  in  center, 
somewhat  reduced ;  young  larvae  at  its  left ;  egg  mass  removed  from  leaf,  showing 
single  eggs,  at  lower  left ;  female  ovipositing  on  leaf ;  egg  mass  also  on  same  leaf. 
(Original.) 

siderable  numbers  on  elm,  maple,  and  rose  and  in  smaller  numbers 
on  other  common  deciduous  trees  and  shrubs.  They  never  attack 
conifers  and  are  seldom  found  on  hickory,  ash,  chestnut,  or  birch. 
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INJl  III   CAUSED  BY  THE  BROWN-TAIL  MOTH. 


9 


he  principal  injury  caused  by  the  brown-tail  moth  is  due  to  the 
feeding  habits  of  the  la r vie  in  the  spring.  If  the  infestation  is  bad 
the  caterpillars  are  often  numerous  enough  to  devour  the  leaves  as 
fast  as  the  trees  are  able  to  develop  them.  As  the  webs  are  made  on 
the  terminals,  the  growth  of  the  trees  is  often  severely  checked.  In 


o  •*-• 

a 


severe  infestations  trees  may  be  completely  stripped  (figs.  5,  6),  but 
as  the  larva?  become  full-grown  during  the  first  part  of  June,  there 
is  usually  an  opportunity  for  the  trees  to  refoliate  before  midsummer.. 
The  young  larvae  that  hatch  in  August  frequently  skeletonize  the 
i  leaves  to  a  considerable  extent.  This  does  not  damage  the  trees 
seriously,  as  the  growing  period  for  the  season  is  nearly  completed. 

18474°— Bull.  564—14 2 
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The  bodies  of  the  caterpillars  of  the  brown-tail  moth  are  provided 
with  poisonous  hairs.  A  microscopic  examination  of  these  hairs 
shows  that  the  edges  are  barbed  in  such  a  way  that  when  they  come 


FIG.  6. — Red  oak  trees  stripped  by  brown-tail  moth  caterpillers.     Note  old  winter 
webs  at  tops  of  trees.      (Original.) 

in  contact  with  the  human  skin  and  are  pressed  into  the  flesh,  intense 
irritation  is  caused.  These  hairs  are  also  hollow  and  contain  a  poi- 
sonous substance  which  acts  on  the  blood  corpuscles.  This  causes 
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serious  poisoning  and  severe  irritation  accompanied  with  external 
swelling1  and  is  known  as  the  brown-tail  rash.  There  is  considerable 
difference  in  the  susceptibility  of  persons  to  this  poison,  but  many 
cases  are  reported  each  year  in  the  infested  region,  most  of  which 
are  more  serious  than  those  of  ivy  'poisoning.  Many  camps  and  sum- 
mer cottages,  particularly  in  wooded  areas,  can  not  be  occupied  with 
any  comfort  during  the  early  summer  on  account  of  the  poisoning 
resulting  from  these  caterpillars.  If  clothing  is  hung  on  the  line  near 
badly  infested  trees  the  hairs  frequently  find  lodgment  and  are 
brought  into  the  houses,  and  later  severe  poisoning  may  result. 

NATURAL  ENEMIES. 

One  of  the  most  important  natural  enemies  of  the  brown-tail  moth 
is  a  fungous  disease,  Entomophthora  aulicw,  which  attacks  the  cater- 
pillars, particularly  in  the  spring.  It  was  first  reported  in  this 
country  by  Dr.  Roland  Thaxter  in  1888.  Like  all  diseases  of  this 

§ire,  the  benefit  derived  from  it  is  regulated  largely  by  favorable 
mfavorable  weather  conditions.     This  fungus  sometimes  works  to 
light  degree  on  the  small  caterpillars  in  the  fall,  and  in  some 
ances  it  is  found  in  the  winter  webs.     As  a  rule,  however,  the 
greatest  mortality  of  caterpillars  takes  place  in  the  spring,  when 
they  are  nearly  full-grown,  and  the  pupse  of  the  moth  may,  under 
the  most  favorable  conditions,  be  almost  completely  exterminated. 
Native  parasites  and  predaceous  insects  have  done  very  little  to  check 
the  increase  of  the  brown-tail  moth. 

INTRODUCED  PARASITES  AND  ENEMIES. 

The  parasites  and  enemies  already  mentioned  as  being  particularly 
valuable  for  their  work  in  destroying  the  gipsy  moth  also  attack 
the  brown-tail  moth,  with  the  exception  of  the  egg  parasites.  The 
Calosoma  beetle,  Ccdosoma  sycophanta,  and  its  larvae  do  valuable 
work  each  year  in  destroying  brown-tail  caterpillars  and  pupae,  and 
the  dipterous  and  hymenopterous  parasites  also  attack  this  species  in 
considerable  numbers.  Another  imported  parasite,  namely,  Meteorus 
versicolor  Wesm.,  has  become  established  in  this  country  and  is  doing 
good  work.  It  attacks  the  brown-tail  moth  caterpillars,  but  not 
those  of  the  gipsy  moth. 

In  some  parts  of  the  infested  territory  where  some  of  the  first 
parasite  liberations  were  made  a  marked  decrease  in  the  number  of 
moths  has  been  noted  during  the  past  two  years.  The  work  of  the 
parasites  will  undoubtedly  be  more  pronounced  after  they  have 
become  more  abundant  over  the  entire  infested  territory. 
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HAND  METHODS  FOR  CONTROLLING  THE  BROWN-TAIL  MOTH. 

The  brown- tail  moth  can  be  controlled  by  cutting  off  the  winter 
webs  and  burning  them  before  the  caterpillars  begin  to  emerge  in 
April.  These1  webs  should  be  destroyed  by  fire,  for  if  they  are  simply 
out  from  the  tree  and  left  on  the  ground  the  caterpillars  will  emerge 
and  no  benefit  will  result  from  the  Work  which  has  been  done. 

In  orchard  practice  it  is  sometimes  inadvisable  to  cut  the  winter 
webs,  for  where  an  infestation  is  bad  it  is  likely  to  leave  a  poorly 
shaped  tree.  Spraying  in  the  spring  is  not  a  satisfactory  remedy 
unless  the  infestation  is  very  light,  because  the  caterpillars,  when 
they  occur  in  large  numbers,  do  not  allow  the  tree  to  put  out  suffi- 
cient foliage  to  hold  the  spray  material.  The  most  effective  method 
is  to  spray  the  trees  before  the  middle  of  August,  using  from  6  to  10 
pounds  of  arsenate  of  lead  to  100  gallons  of  water.  Before  spraying 
operations  of  this  sort  are  attempted  care  should  be  taken  to  deter- 
mine whether  the  trees  are  well  infested  with  egg  masses  of  the 
brown-tail  moth,  for  if  the  infestation  is  very  slight  it  will  be  more 
satisfactory  to  cut  and  destroy  the  webs.  If  the  infestation  war- 
rants, both  shade,  ornamental,  and  fruit  trees  may  be  sprayed  to 
advantage  at  this  time.  Caution  should  be  used,  however,  in  spray- 
ing fruit  trees,  particularly  if  early  fall  varieties  are  to  be  treated. 
If  this  is  to  be  done1  a  somewhat  weaker  spray  solution  may  be  used, 
provided  it  is  applied  as  soon  as  the  caterpillars  begin  to  hatch.  The 
foliage  should  be  treated  thoroughly,  particularly  the  terminal  shoots, 
and  as  much  care  as  possible  should  be  exercised  not  to  cover  the 
fruit.  Late  fall  or  winter  varieties  of  fruit  may  be  sprayed  in 
August  with  arsenate  of  lead,  using  6  pounds  to  100  gallons  of  water, 
and  although  an  occasional  spot  may  be  found  on  the  fruit  at  the 
time  of  picking  no  injury  will  result  from  it.  In  cases  where  only 
a  few  choice  fruit  trees  are  to  be  sprayed  it  is  practicable  to  wipe 
the  fruit  before  packing  for  sale;  but  this  is  not  necessary  if  care 
is  taken  to  treat  the  terminal  growth  of  the  trees,  as  this  is  where  the 
bulk  of  the  egg  clusters  is  deposited. 

GENERAL  HAND  METHODS  FOR  CONTROLLING  THE  GIPSY  MOTH. 

Creosote. — One  of  the  best  methods  of  controlling  the  gipsy  moth 
is  to  treat  the  egg  clusters  of  the  insect  between  August  1  and  April  1 
with  creosote,  to  which  a  small  amount  of  lampblack  has  been  added. 
This  mixture  is  applied  with  a  brush,  and  it  leaves  a  black  residue  on 
the  clusters  treated.  Creosote  may  be  obtained  in  small  quantities 
from  nearly  all  the  large  hardware  or  seed  stores  in  the  infested  dis- 
trict, where  it  usually  sells  for  about  35  cents  a  gallon.  If  secured 
in  larger  quantities  a  much  lower  price  can  be  obtained. 
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Burlap  bands. — Gipsy  moth  caterpillars  usually  seek  shelter  during 
hot,  sunny  days,  and  if  a  band  of  burlap  is  attached  to  a  tree  large 
numbers  of  them  will  crawl  beneath  it,  where  they  may  be  crushed 
each  day.  Ordinarily  a  strip  of  burlap  about  8  inches  wide  is  placed 


loosely  around  a  tree  trunk  and  a  piece  of  twine  passed  around  the 
center  and  tied  to  hold  it  in  place.  After  this  is  done  the  top  part 
of  the  burlap  is  folded  down  so  that  a  double  shelter  is  made  beneath 
it.  The  use  of  burlap  bands  has  been  discontinued  to  a  great  extent 
during  the  last  few  years,  owing  to  the  expense  involved  and  because 
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of  the  fact  that  if  the  burlaps  are  applied  early  in  the  season,  before 
the  brown-tail  caterpillars  have  pupated,  an  excellent  place  is  fur- 


FIG.   8. — Tanglefoot  band.     Note  that   there   are   enormous   numbers   of  gipsy   moth 
caterpillars  below  the  band  and  on  the  ground,  but  none  above  it.      (Original.) 

nished  for  these  poisonous  caterpillars  to  make  their  cocoons    (see 
fig.  7),  and  severe  poisoning  results  to  the  workmen.    If  this  method 
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is  to  be  used  at  all  the  burlap  should  not  be  at  tad  KM!  to  the  trees  until 
after  June  15,  when  most  of  the  brown-tail  caterpillars  will  have 
pupated. 

Tanglefoot  bands. — A  band  of  tanglefoot  may  be  used  on  tree  trunks 
after  the  bark  has  been  scraped  so  that  the  sticky  material  can  be 
applied  evenly  in  a  thin  layer  with  a  paddle.  The  purpose  of  this 
band  is  to  prevent  caterpillars  from  ascending  the  trees,  and  if  the 
•egg  clusters  have  previously  been  treated  this  is  a  very  effective 
measure.  It  is  necessary  every  week  or  10  days  during  the  caterpillar 
season  to  run  a  comb  or  other  similar  implement  around  the  band  in 
order  to  prevent  hardening  of  the  surface  and  to  bring  up  fresh,  sticky 
material  from  the  part  of  the  band  near  the  bark.  (See  fig.  8.)  Plac- 
ing these  bands  on  the  trees  prevents  the  caterpillars  from  reaching 
the  foliage:  and  as  the  latter  usually  mass  in  large  numbers  beneath 
the  bands,  conditions  are  favorable  for  wilt  disease  to  develop,  and 
the  caterpillars  often  die  in  large  numbers  from  this  cause  and  from 
starvation. 

Spraying. — The  most  effective  spray  for  the  gipsy  moth  is  arsenate 
of  lead  paste  applied  to  the  foliage  at  the  rate  of  10  pounds  to  100 
gallons  of  water.  It  is  necessary  that  the  treatment  be  thorough  and 
the  application  even,  if  best  results  are  to  be  secured.  For  small 
operations  the  ordinary  orchard  sprayer  may  be  used  with  one  or 
more  lines  of  hose  equipped  with  nozzles  of  the  Vermorel  or  Bordeaux 
type.  In  case  large  shade  trees  on  valuable  park  or  woodland  are  to 
be  treated,  however,  the  use  of  a  high-power  sprayer  is  more  economi- 
cal. The  type  that  has  given  the  most  satisfactory  results  in  the 
gipsy-moth  work  develops  sufficient  power  to  throw  a  solid  stream  of 
spray  into  the  trees.  The  nozzle  is  constructed  so  that  the  stream  will 
break  into  a  fine  mist  high  in  the  air,  and  this  results  in  very  satis- 
factory and  rapid  treatment.  (See  fig.  9.)  With  such  a  sprayer  it 
is  unnecessary  to  climb  trees  and  use  small  lines  of  hose,  which  is  a 
ow  and  expensive  operation.  A  satisfactory  high-power  sprayer 
for  this  work  should  be  equipped  with  a  10-horsepower  gasoline 
engine  and  a  triplex  pump  capable  of  delivering  35  gallons  of  liquid 
per  minute  at  a  pressure  of  from  200  to  250  pounds.  This  machinery, 
together  with  a  400-gallon  tank,  should  be  mounted  on  well-built 
trucks.  One-inch  hose  is  used,  and  with  the  outfit  mentioned  the 
spray  material  can  be  conducted  through  several  hundred  feet  of  this 
hose  without  seriously  reducing  the  nozzle  pressure,  which  should  be 
maintained  at  about  230  pounds. 

HAND    METHODS   TO    BE    USED    AGAINST    THE    GIPSY    MOTH    IN 

ORCHARDS. 

The  methods  to  be  used  for  controlling  the  gipsy  moth  in  orchards 
should  be  based  largely  on  the  severity  of  the  infestation.  If  only  a 
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few  egg  clusters  are  present  in  the  orchard,  early  spraying,  such  as  is 
applied  for  the  codling  moth  after  the  blossoms  fall,  will  be  found 
useful,  providing  the  amount  of  poison  used  is  increased  to  10  pounds 


FIG.  9. — High-power  spraying  outfit  in  use  in  treating  roadside  trees.      (From  Rogers  and 

Burgess.) 

to  100  gallons  of  water.  If  the  infestation  is  more  serious,  a  second 
spraying  early  in  June,  using  a  similar  amount  of  poison,  will  be 
found  very  satisfactor}^  In  cases  where  the  infestation  is  severe  it 
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will  probably  be  necessary  to  creosote  egg  clusters  in  the  winter  and 
vpray  in  the  spring  if  the  insect  is  to  be  controlled.  In  any  case 
thoroughness  is  a  prime  essential  if  good  results  are  to  be  secured. 

All  poor  or  hollow  trees  should  be  removed,  and  if  badly  infested 
woodland  is  near  by  the  orchard  trees  should  be  banded  with  tangle- 
foot. Orchard  infestations  can  be  managed  by  following  up  these 
methods,  and  it  will  not  require  much  additional  expense  or  a  great 
deal  of  extra  work  to  protect  the  trees.  In  making  this  statement  it 
is  assumed  that  the  orchard  is  being  cared  for  by  up-to-date  methods 
in  order  to  protect  it  from  the  codling  moth  and  other  injurious 
insects  and  diseases,  and  it  is  improbable  that  these  results  can  be 
brought  about  in  neglected  orchards  or  where  the  owners  do  not  prac- 
tice the  best  horticultural  methods  in  handling  their  growing  trees. 

HAND    METHODS    FOR   CONTROLLING    THE    GIPSY    MOTH    IN    CITIES 

AND  TOWNS. 

The  same  methods  that  are  used  in  orchards  are  applicable  in  cities 
and  towns  and  for  the  treatment  of  park  and  shade  trees.  In  certain 
instances  it  would  probably  be  advisable  to  use  tanglefoot  bands  or 
burlap,  preferably  the  former,  and  to  discontinue  spraying  in  cases 
where  the  infestation  is  light  or  moderate.  If  the  infestation  is  bad, 
creosoting,  tanglefooting,  and  spraying  should  all  be  used  in  their 
season,  in  order  to  bring  the  insect  under  control  and  reduce  the  num- 
bers present  to  a  minimum. 

The  proper  method  of  handling  the  gipsy  moth  in  any  town,  city, 
or  park  or  on  private  estates,  should  be  based  on  the  infestation  as 
determined  by  some  one  who  is  familiar  with  gipsy-moth  work,  if 
the  best  results  are  to  be  secured  at  a  minimum  expense.  Much  en- 
ergy and  money  may  be  wasted  in  applying  remedies  unless  their 
application  is  based  on  a  thorough  knowledge  of  existing  conditions. 
An  owner  of  an  infested  estate  should  have  an  examination  made  by 
some  qualified  person  who  can  give  reliable  recommendations  as  to 
treatment.  It  should  be  borne  in  mind  that  conditions  as  to  infesta- 
tion vary  from  year  to  year,  and  this  should  be  considered  when 
plans  for  treatment  are  being  made. 

METHODS  OF  CONTROLLING  THE  GIPSY  MOTH  IN  WOODLAND. 

Satisfactory  control  of  the  gipsy  moth  in  woodland  by  the  em- 
ployment of  hand  methods  such  as  have  already  been  mentioned  is 
entirely  impracticable  unless  the  tree  growth  is  particularly  valued 
for  purposes  other  than  lumber.  If  the  woodland  is  situated  near  a 
large  city  and  occupies  space  that  is  likely  to  be  utilized  in  a  few 
years  for  building  lots,  considerable  money  may  be  expended  to  ad- 
vantage in  protecting  the  trees,  as  these  will  make  the  property  much 
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more  valuable  when  the  land  is  subdivided.  Limited  areas  of  wood- 
land on  private  estates  may  be  of  sufficient  value  to  the  owners  to 
justify  a  considerable  expenditure  for  moth  destruction.  In  all  cases, 
however,  the  species  of  trees  involved  should  be  carefully  studied  be- 
fore a  plan  of  work  is  adopted  in  order  that  the  expense  may  be  re- 
duced as  much  as  possible.  Unfortunately  the  difficulty  of  treating 
the  woodlands  in  the  infested  area  of  New  England  is  considerably 
increased  by  the  fact  that  they  are  for  the  most  part  composed  of  a 
variety  of  species  in  mixture. 

Experiments  have  shown  that  coniferous  trees  are  not  injured  by 
the  gipsy  moth  if  grown  in  isolated  pure  stands,  and  if  the  growth 
is  such  that  the  trees  can  be  thinned  to  a  stand  of  conifers  no  hand 
suppressive  measures  are  necessary  in  order  to  prevent  injury  by  this 
insect.  (See  fig.  10.)  Such  lots  will  also  be  immune  from  attack  by 
the  brown-tail  moth,  as  the  larvae  of  this  insect  do  not  feed  on  conifers. 

If  mixtures  containing  a  large  percentage  of  deciduous  trees  are  to 
be  protected  from  moth  injury  it  is  very  necessary  that  the  species 
involved  should  be  carefully  considered  before  a  decision  is  reached  as 
to  the  best  methods  of  treatment.  Sometimes  practical  methods  of 
thinning  can  be  adopted  so  that  species  will  be  left  that  are  only 
slightly  subject  to  injury  by  these  insects.  A  limited  number  of  ex- 
periments have  shown  that  mixtures  of  chestnut,  pine,  red  maple,  ash, 
and  hickory,  regardless  of  the  proportion  of  each  species,  are  seldom 
injured  by  the  gipsy  moth. 

In  woodlands  the  oaks  are  the  most  favored  food  plaat-of  this 
insect,  and  unfortunately  the  infested  region  abounds  in  fl^e  areas 
where  these  species  predominate.  At  present  there  seems  to  be  no 
means  aside  from  hand  treatment  which  will  prevent  serious  injury 
to  oak  woodland,  but  as  a  large  part  of  such  land  consists  of  poor 
sprout  growth  the  amount  of  damage  sustained  is  not  always  so 
great  as  it  might  at  first  appear.  The  greatest  injury  likely  to  be 
caused  in  such  areas  where  oaks  and  gray  birch  abound  is  the  dying 
of  small  seedlings  of  pine  or  other  valuable  species  which  have  been 
denuded  by  the  caterpillars  after  the  oaks  and  birches  have  been 
defoliated.  This  leaves  the  prospective  woodland  in  a  much  worse 
condition  than  it  was  before  the  defoliation  took  place  and  reduces 
greatly  the  chance  that  the  sprout  growth  will  be  replaced  by  any 
.species  of  value  that  can  withstand  gipsy-moth  attack.  This  problem 
is  being  given  special  study  and  consideration  in  the  hope  that  some 
economical  method  may  be  -devised  for  protecting  and  improving 
wood  lots  of  this  character  at  moderate  expense.  It  is  true  that 
there  are  considerable  areas  of  oak  woodland  where  the  trees,  al- 
though not  mature,  could  be  utilized  for  small  timber,  railroad  ties, 
or  cordwood,  and  in  cases  of  bad  infestation  such  woodland  should 
be  promptly  cut  if  the  wood  can  be  sold  to  advantage.  On  cheap 
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cut-over  or  infested  lands  in  many  sections  of  the  territory  planting 
of  white  pine  might  be  carried  on  to  advantage,  but  as  this  involves 
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considerable  expense  and  as  the  future  crop  can  not  be  harvested 
for  a  period  of  years  the  question  as  to  the  desirability  of  managing 
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any  wood  lot  in  this  way  must  in  the  end  be  decided  by  the  owner 
of  the  property. 

If  the  practice  common  in  some  European  countries  of  maintaining 
municipal  or  state  forests  were  well  developed  in  the  New  England 
States  it  would  be  possible  in  a  period  of  years  to  transform  con- 
sidepjple  areas  of  land  which  are  now  destined  to  be  worthless,  and 
which  form  a  favorable  feeding  ground  for  the  gipsy  moth,  into 
well-managed  forests  of  valuable  growth. 

METHODS  OF  CONTROLLING  THE  BROWN-TAIL  MOTH  IN  WOODLAND. 

The  damage  caused  by  the  brown-tail  moth  is  ordinarily  not  so 
severe  as  is  that  resulting  from  gipsy-moth  infestation  because  the 
former  species  does  not  have  so  wide  a  range  of  food  plants  and, 
further,  because  the  bulk  of  the  feeding  is  done  early  in  the  season 
so  that  the  trees  have  an  opportunity  to  recover  before  midsummer. 
In  the  territory  where  both  insects  exist  the  caterpillars  of  the  gipsy 
moth  supplement  the  work  which  is  done  by  those  of  the  brown-tail 
moth  and  the  injury  is  therefore  greatly  increased.  The  large  areas 
of  oak-sprout  growth  furnish  abundant  food  for  brown-tail  moth 
caterpillars,  and  as  a  result  enormous  numbers  of  the  moths  develop 
which  migrate  each  season  to  the  cities  and  towns  and  render  it 
necessary  for  hand  suppressive  measures  to  be  put  in  force  each  year. 
The  area  reinfested  in  this  way  depends  largely  on  the  prevailing 
winds  during  the  month  of  July  when  the  moths  are  flying.  Elimi- 
nation of  oak,  scrub  apple,  and  wild-cherry  trees  would  assist  greatly 
in  reducing  the  numbers  of  this  pest. 

STATE    WORK    AGAINST    THE    GIPSY    MOTH   AND    THE    BROWN-TAIL 

MOTH. 

Each  of  the  New  England  States  is  carrying  on  work  for  the  con- 
trol of  these  insects.  The  organization  varies,  as  between  the  States, 
owing  to  differences  in  local  conditions,  but  the  same  general  methods 
of  work  are  employed.  A  brief  summary  of  the  conditions  of  in- 
festation in  each  State  follows,  with  a  statement  of  any  special  lines 
of  work  that  are  being  attempted  and  the  name  and  address  of  the 
State  official  in  charge.  Particular  information  concerning  local  con- 
ditions may  be  obtained  by  communicating  with  these  officials. 

Maine. — The  work  in  Maine  is  in  charge  of  the  State  commissioner 
of  agriculture,  who  has  authority  to  appoint  a  superintendent  of 
moth  work.  The  area  badly  infested  by  the  gipsy  moth  is  relatively 
small,  but  scattering  infestations  have  been  found  throughout  the 
southern  part  of  the  State.  The  entire  area  embraces  about  4,850 
square  miles.  Infestation  by  the  brown-tail  moth  covers  12,450 
square  miles  in  the  State.  This  species  is  a  particularly  serious  pest 
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in  the  southern  part  of  this  territory  and  causes  much  injury  and 
financial  loss  to  the  famous  watering  places  along  the  coast.  A  mod- 
orate  amount  of  work  is  being  carried  on  each  year  by  some  of  the 
towns  in  the  infested  area,  but  more  should  be  done  since  under  pres- 
ent conditions  the  residential  sections  can  not  be  handled  satisfac- 
torily with  the  amount  of  funds  available.  State  work  is  being  car- 
ried on  in  the  worst  infested  sections.  The  superintendent  of  moth 
work  of  Maine  is  Maj.  E.  E.  Philbrook,  Portland,  Me. 

Xc(r  Hampshire. — Work  in  New  Hampshire  is  in  charge  of  a 
State  agent  appointed  by  the  governor.  Infestation  by  the  gipsy 
moth  throughout  the  southern  part  of  the  State  is  very  heavy,  and 
large  areas  of  woodland  have  been  completely  defoliated  during  the 
past  few  years.  The  total  area  known  to  be  infested  by  this  insect 
is  4,960  square  miles.  The  range  of  the  brown-tail  moth  in  New 
Hampshire  is  8,100  square  miles,  and  much  loss  has  been  caused  dur- 
ing the  past  few  years  to  the  owners  of  woodland  and  summer  prop- 
iTty.  Fortunately  neither  of  these  insects  has  become  established  in 
any  great  numbers  in  the  White  Mountain  section  of  the  State.  Many 
of  the  towns  in  New  Hampshire  are  cooperating  with  the  State  agent 
in  an  attempt  to  reduce  the  infestations,  and  progress  in  some  sec- 
tions is  quite  marked.  The  State  agent  is  also  carrying  on  a  series 
of  demonstration  cuttings  in  wood  lots  in  order  to  induce  farmers 
and  others  to  manage  their  woodland  so  as  to  prevent  future  moth 
injury.  Prof.  W.  C.  O'Kane,  Durham,  N.  H.,  has  charge  of  the  work. 

Vermont. — So  far  as  is  known,  the  gipsy  moth  does  not  occur  in 
Vermont,  but  the  brown-tail  moth  has  become  established  in  small 
numbers  in  several  tiers  of  towns  west  of  the  Connecticut  River. 
The  work  is  in  charge  of  the  commissioner  of  agriculture,  who  has 
appointed  a  field  deputy  to  look  after  the  handling  of  infestations. 
The  whole  area  known  to  be  infested  embraces  about  2,635  square 
miles.  Most  of  this  infestation  is  recent,  and  owing  to  the  thorough 
work  done  in  the  spring  of  1913  it  seems  probable  that  the  infested 
area  will  be  reduced.  Mr.  E.  S.  Brigham,  commissioner  of  agricul- 
ture, St.  Albans,  Vt.',  has  charge  of  the  work. 

Massachusetts. — Moth  work  in  Massachusetts  is  in  charge  of  the 
State  forester,  but  the  law  requires  that  each  infested  town  shall 
appoint  a  local  superintendent,  subject  to  the  approval  of  the  State 
forester,  who  shall  take  charge  of  the  work  in  his  locality.  The 
area  infested  by  the  gipsy  moth  in  this  State  is  4,975  square  miles. 
The  brown-tail  moth  infestation  covers  6,510  square  miles.  Each 
property  owner  is  required  by  law  to  expend  not  to  exceed  $5  on 
each  $1,000  valuation,  and  additional  work  is  done  in  each  town  and 
paid  for  locally.  The  State  appropriation  is  made  in  such  a  wTay  that 
a  certain  amount  of  State  funds  can  be  used  to  assist  towns  which  are 
most  seriously  infested  or  financially  least  able  to  bear  the  burden. 
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Aside  from  having  general  supervision  over  the  entire  work  in  Mas- 
sachusetts, the  State  forester  takes  active  charge  of  suppression  work 
in  certain  sections  of  the  State  where  money  is  subscribed  by  resi- 
dents or  interested  parties  for  that  purpose.  Experimental  and 
demonstration  work  is  also  being  carried  on  by  him  with  a  view  to  so 
modifying  the  forest  growth  that  it  will  be  resistant  to  moth  attack. 
Prof.  F.  W.  Rane,  6  Beacon  Street,  Boston,  Mass.,  is  State  forester. 

Rhode  Island. — Moth  work  in  Rhode  Island  is  in  charge  of  the 
State  board  of  agriculture  and  is  placed  by  it  under  the  supervision 
of  the  State  entomologist.  The  gipsy  moth  infestation  covers  an  area 
of  450  square  miles.  Brown-tail  moth  infestation  covers  the  entire 
State — 1,250  square  miles.  The  gipsy  moth  infestation  is  not  serious 
except  in  the  region  in  and  surrounding  Providence,  but  infestation 
by  the  brown-tail  moth  has  been  worse  than  usual  during  the  past 
year.  The  State  entomologist  is  carrying  on  suppressive  measures 
over  as  large  an  area  as  possible,  but  only  a  limited  amount  of  local 
work  is  being  done  by  the  towns  and  cities  to  prevent  injury  by  these 
insects.  Prof.  A.  E.  Stene,  Kingston,  R.  I.,  is  State  entomologist. 

Connecticut. — The  moth  work  in  Connecticut  is  in  charge  of  the 
State  entomologist.  Only  two  gipsy  moth  infestations  are  known  in 
the  State  and  these  have  been  practically  exterminated.  The  brown- 
tail  moth  infestation  covers  a  territory  of  about  1,475  square  miles, 
and  the  area  has  increased  considerably  during  the  past  year.  Careful 
scouting  has  been  done  in  all  these  towns  and  much  thorough  work  by 
the  State  in  order  to  reduce  the  infestation.  At  present  no  system 
of  town  or  local  moth  work  is  in  force  in  Connecticut.  The  State 
entomologist  is  Dr.  W.  E.  Britton,  New  Haven,  Conn. 

New  York. — A  small  colony  of  the  gipsy  moth  was  found  in  Ge- 
neva, N.  Y.,  in  1912.  Effective  work  has  been  done  by  the  State 
department  of  agriculture,  and  the  insect  is  now  believed  to  be  exter- 
minated. A  close  watch  will  be  kept  on  this  locality  for  several  years 
so  that  if  any  of  the  insects  have  been  overlooked  they  can  be  promptly 
treated.  Mr.  George  G.  At  wood,  chief  horticultural  inspector,  Al- 
bany, N.  Y.,  has  charge  of  this  work. 

WORK  CARRIED  ON  BY  THE  BUREAU  OF  ENTOMOLOGY. 

The  work  carried  on  by  the  Bureau  of  Entomology  of  the  United 
States  Department  of  Agriculture  is  designed  to  prevent  the  spread 
of  these  insects.  Owing  to  the  freedom  with  which  the  female  brown- 
tail  moth  flies  it  is  difficult  to  prevent  spread  by  hand  suppressive 
means,  as  a  heavy  migration  may  take  place  into  new  territory  during 
any  year  when  the  wind  is  favorable  at  the  time  the  moths  are  flying- 
The  spread  of  the  gipsy  moth  has  been  much  slower,  but  infestations 
are  being  found  in  territory  along  the  line  of  the  prevailing  winds 
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when  the  gipsy  moth  caterpillars  are  hatching  in  the  spring.  It  has 
been  proved  experimentally  that  the  caterpillars,  immediately  after 
hatching,  can  be  blown  long  distances,  and  of  course  such  spread  is 
very  difficult  of  prevention.  Fortunately  the  caterpillars  must  be 
active  or  they  will  not  be  caught  up  by  the  wind,  and  no  activity  is 
possible  unless  the  temperature  is  high.  From  this  it  results  that 
most  of  the  wind  spread  is  toward  the  north  and  northeast,  so  that  the 
danger  of  spread  by  wind  to  territory  outside  of  New  England  is  not 
serious  at  present. 

The  work  of  the  bureau  is  being  carried  on  along  several  distinct 
lines,  namely,  experimental  work,  silvicultural  investigations,  quaran- 
tine work,  and  scouting  work.  The  experimental  work  is  conducted 
for  the  purpose  of  obtaining  information  which  will  serve  as  a  basis 
for  better  control  methods.  It  includes  a  thorough  study  of  the  food 
plants  of  the  insects  concerned  and  of  the  feeding  habits  of  the  cater- 
pillars in  their  different  stages,  the  rate  of  increase  in  the  field,  the 
means  by  which  the  insects  are  spread,  the  introduction  and  distribu- 
tion of  the  foreign  parasites  and  natural  enemies  of  these  species,  and 
a  study  of  the  wilt  disease,  which  has  now  become  a  prominent  factor 
in  reducing  the  infestation  in  many  localities.  The  last  investigation 
is  being  carried  on  cooperatively  with  the  Bussey  Institution  of 
Harvard  University,  and  Dr.  W.  M.  Wheeler,  who  has  charge  of  the 
economic  entomology  in  that  institution,  is  supervising  the  technical 
aspects  of  the  work.  A  study  is  also  being  made,  in  cooperation  with 
Dr.  A.  D.  Hopkins,  who  has  charge  of  the  Forests  Insect  Investiga- 
tions of  this  bureau,  of  the  secondary  insects  which  attack  defoliated 
trees. 

Silvicultural  investigations  are  being  carried  on  in  cooperation 
with  the  United  States  Forest  Service.  Mr.  G.  E.  Clement  has  been 
assigned  from  that  service  to  this  bureau  for  the  purpose  of  conduct- 
ing experiments  to  determine  whether  better  silvicultural  practices 
and  improved  methods  of  forest  management  can  be  employed  as  a 
help  in  checking  the  spread  of  these  pests. 

The  entire  infested  area — 15,235  square  miles  occupied  by  the  gipsy 
moth  and  32,420  square  miles  occupied  by  the  brown-tail  moth — has 
been  placed  under  quarantine  by  the  Federal  Horticultural  Board, 
and  shipments  of  nursery  stock,  lumber,  cordwood,  and  other  forest 
products  are  not  permitted  to  leave  the  territory  unless  they  have 
been  inspected  and  are  accompanied  by  a  certificate  stating  that  they 
are  free  from  infestation.  This  work  is  designed  to  prevent  the 
spread  of  the  insects  for  long  distances  and  is  being  administered  by 
Mr.  D.  M.  Rogers. 

The  scouting  work  consists  in  making  examinations  in  the  towns 
outside  the  infested  area  and  is  directed  by  Mr.  L.  H.  Worthley.  This 
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work  serves  to  establish  the  quarantine  line.  It  is  the  policy  of  the  bu- 
reau to  carry  on  as  much  work  a£  possible  in  the  territory  along  the 
western  border,  for  the  purpose  of  stamping  out  new  colonies  that  may 
become  established  and  to  prevent,  so  far  as  possible,  further  spread 
of  the  insect  in  this  direction.  A  large  number  of  men  are  em- 
ployed on  this  work,  and  all  the  towns  along  the  border  were  given 
attention  this  year  from  Lake  Winnipesaukee  on  the  north  to  Nar- 
ragansett  Bay.  The  Work  is  carried  on  with  special  reference  to  the 
gipsy  moth,  as  it  would  be  impracticable  to  attempt  control  of  the 
brown-tail  moth  in  this  way. 

COOPERATIVE  WORK. 

Since  work  on  the  gipsy  and  brown- tail  moths  was  begun  by  this 
bureau  a  greater  or  less  amount  of  cooperative  work  has  been  carried 
on  with  the  States  concerned.  As  previously  stated,  the  attempt  to 
introduce  parasites  and  natural  enemies  of  the  gipsy  moth  was  con- 
ducted cooperatively  with  the  State  of  Massachusetts  for  several 
years.  Kecently  this  entire  line  of  work  has  been  managed  'by  the 
bureau,  it  being  really  a  problem  in  which  all  the  States  concerned 
are  vitally  interested.  During  the  past  year  Maine  and  New  Hamp- 
shire have  assisted  in  the  work  of  collecting  parasitized  material  and 
liberating  it  within  their  borders.  The  field  work  and  the  quaran- 
tine work  is  also  carried  on  to  a  greater  or  less  degree  by  means  of 
cooperative .  arrangements  with  the  States  concerned,  and  since  the 
work  was  first  begun  the  relations  with  the  various  States  have  been 
very  friendly  and  harmonious.  Parasites  have  been  liberated  in 
greater  or  less  numbers  in  all  of  the  New  England  States. 

THE  OUTLOOK. 

During  the  past  season  conditions  in  the  oldest  infested  area  have 
not  been  as  serious  as  in  previous  years.  The  records  show  that  the 
mortality  of  the  gipsy  moth  and  brown-tail  moth  caterpillars  as  a 
result  of  the  attack  of  parasites,  predaceous  enemies,  and  disease  has 
been  greater  than  in  any  of  the  years  preceding.  The  experiments 
which  are  being  conducted  are  giving  information  which  will  serve 
as  a  basis  for  handling  infestations  more  satisfactorily  and  economi- 
cally, and  although  new  territory  has  been  found  infested  the  out- 
look for  diminishing  the  aggregate  amount  of  damage  which  results 
from  the  work  of  these  insects  is  more  favorable  than  it  has  been  here- 
tofore. It  is  necessary,  however,  that  aggressive  measures  should  be 
continued  in  order  that  the  pests  may  be  brought  under  better  con- 
trol. This  is  of  vital  importance,  particularly  to  the  citizens  of 
States  where  these  insects  do  not  now  exist. 
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THE  BROWN-TAIL  MOTH  AND  HOW  TO  CONTROL  IT. 


INTRODUCTION. 

The  brown- tail  moth  (Euproctis  chrysorrhcea  L.)  is  a  European  moth 
of  the  f amity  Liparidse,  accidentally  introduced  into  New  England 
about  fifteen  years  ago,  and  which  has  rapidly  spread  until  at  the 
present  time  it  covers  a  large  extent  of  territory  and  threatens  still 
further  rapid  spread.  It  is  an  injurious  enemy  of  orchard,  forest,  and 
shade  trees  and  of  ornamental  shrubbery.  It  is  being  strenuously 
fought  in  Massachusetts  under  a  large  appropriation  devoted  to  its 
suppression  and  to  that  of  the  gipsy  moth  (Porthetria  dispar  L.).  The 
other  New  England  States  in  which  it  occurs  are  also  beginning  or 
about  to  begin  the  enforcement  of  remedial  measures,  and  much  intel- 
ligent work  has  been  done  by  communities  in  the  State  of  Maine  dur- 
ing the  past  }7ear.  During  the  last  session  of  Congress  a  sum  of  money 
vwas  appropriated  to  be  expended  under  the  Bureau  of  Entomology  in 
preventing  the  further  spread  of  the  gipsy  and  brown-tail  moths,  and  it 
is  in  furtherance  of  this  end  that  the  present  bulletin  is  published. 
Actual  antispreading  work  can  be  done  to  advantage  against  the  gipsy 
moth,  since  the  female  of  this  insect  does  not  fly  and  the  species  is 
spread  only  in  the  larval  or  caterpillar  stage,  when  it  spins  down 
from  roadside  trees  and  alighting  upon  some  vehicle  or  person  is  thus 
carried  for  long  distances.  With  the  brown- tail  moth,  however,  the 
case  is  entirely  different.  As  will  be  shown,  the  female  flies  readily 
and  is  carried  during  its  period  of  flight  b}T  the  prevalent  winds  for 
very  long  distances.  It  is  therefore  much  more  difficult  to  prevent 
the  spread  of  this  insect  than  of  the  other,  and  in  fact  the  only  effect- 
ive measures  are  those  of  actual  work  in  the  extermination  of  the 
insect  wherever  it  occurs.  To  attempt  such  work  as  a  Government 
measure  and  with  the  funds  appropriated  by  Congress  would  be  futile. 
It  is  safe  to  say  that  to  effectively  check  the  further  spread  of  the 
brown-tail  moth  would  require  its  complete  extermination;  and  to 
bring  this  about  millions  of  dollars  would  have  to  be  spent.  Plainly  the 
thing  to  do,  therefore,  with  regard  to  the  brown-tail  moth,  is  to  secure 
the  active  and  intelligent  cooperation  of  all  property  holders  thruout 
the  infested  district.  This  must  be  done  primarily  by  a  campaign  of 
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education.  Then  communities  must  take  the  matter  up  thru  town- 
improvement  societies  and  organizations  of  other  character,  and,  best 
of  all,  sound  State  laws  comparable  to  the  one  now  operating  in  the 
State  of  Massachusetts  must  be  enacted  and  enforced  in  the  other 
States.  This  bulletin  is  prepared  to  aid  in  the  first  step — education. 
Other  bulletins  have  been  issued  by  the  Superintendent  for  Suppressing 
the  Gipsy  and  Brown-Tail  Moths  in  Massachusetts,  by  the  Commis- 
sioner for  the  Suppression  of  the  Gipsy  and  Brown-Tail  Moths  in  Rhode 
Island,  and  by  the  State  entomologists  of  New  Hampshire,  Maine,  and 
Connecticut.  All  of  these  bulletins  a  have  been  published  within  the 
last  eight  months. 

The  subject  has  also  been  covered  by  the  New  York  State  entomol- 
ogist, Dr.  E.  P.  Felt,  of  Albany,  N.  Y.,  and  by  the  New  Jersey  State 
entomologist,  Dr.  John  B.  Smith,  Rutgers  College,  New  Brunswick, 
N.  J.  These  last  two  publications  are  in  annual  reports,  together 
with  a  consideration  of  other  insects,  and  are  not  specific  bulletins,  as 
in  the  case  of  the  others. 

THE  BROWN-TAIL  MOTH  IN  EUROPE. 

The  brown-tail  moth  has  a  wide  Old-World  distribution.  It  has  for 
many  years  been  a  well-known  member  of  the  so-called  Palearctic 
fauna.  It  extends  from  England  east  to  the  Himalayas,  and  has  been 
found  as  far  north  as  Sweden  and  as  far  south  as  Algeria.  It  is  well 
known  as  an  orchard  pest  thruout  the  greater  part  of  this  range, 
and  has  occasionally  appeared  in  such  numbers  as  to  attract  general 
attention.  For  nearly  a  hundred  years  laws  have  been  operative  in 
parts  of  Europe  requiring  property  owners  to  clear  their  trees  of  the 
winter  nests.  The  life  history  of  the  insect  has  been  well  known  in 
Europe  for  about  two  hundred  years,  has  been  the  subject  of  many 
publications,  and  is  referred  to  in  most  of  the  general  works. 

INTRODUCTION  INTO  AMERICA  AND  SUBSEQUENT  SPREAD. 

The  attention  of  entomologists  was  first  drawn  to  the  occurrence  of 
this  species  in  the  United  States  in  the  spring  of  1897,  when  certain 
residents  of  Sonierville  and  Cambridge,  Mass. ,  found  a  strange  cater- 
pillar feeding  on  the  unfolded  leaves  of  their  pear  trees.  The  atten- 
tion of  the  State  of  Massachusetts  gipsy  moth  committee  was  called 

«  Persons  desiring  to  consult  these  publications  may  apply  to  the  following  officials: 
Mr.  A.  H.  Kirkland,  6  Beacon  street,  Boston,  Mass. 
Prof.  A.  E.  Stene,  Kingston,  R.  I. 

Prof.  E.  Dwight  Sanderson,  New  Hampshire  College,  Durham,  N.  H. 
Prof.  E.  F.  Hitchings,  Augusta,  Me. 

Miss  Edith  M.  Patch,  Agricultural  Experiment  Station,  Orono,  Me. 
Prof.  W.  E.  Britton,  Agricultural  Experiment  Station,  New  Haven,  Conn. 
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to  the  matter  during  that  year,  and  the  identity  of  the  form  with  the 
well-known  European  species  was  determined  by  Messrs.  Fernald  and 
Kirkland. 

An  investigation  was  at  once  made  as  to  the  probable  time. and 
method  of  introduction.  The  fact  was  established  that  the  moth  had 
been  in  Somerville  for  several  years  previous  to  1897,  gradually  be- 
coming acclimated  and  slowly  spreading  outward  into  non infested 
territory.  The  balance  of  evidence  seems  to  indicate  that  the  species 
was  probably  introduced  from  Holland  or  France  upon  rose  bushes 
imported  by  a  florist  in  Somerville  about  1890. 

Down  to  1897  the  spread  of  the  insect  had  evidently  been  slow,  but 
the  danger  was  imminent,  and  during  the  spring  of  that  year  the 
writer,  together  with  a  representative  body  of  Massachusetts  agricul- 
turists and  officials,  appeared  before  the  governor  of  the  State  and 
urged  the  passage  of  an  appropriation  bill  providing  means  for  its 
extermination.  Six  thousand  dollars  was  appropriated  by  the  legis- 
lature to  be  expended  by  the  gipsy-moth  committee  of  the  State  board 
of  agriculture.  Careful  examination  showed  that  at  that  time  fifteen 
towns  were  infested,  the  insect  being  found  upon  2,226  estates.  As 
much  as  could  be  done  was  done  under  the  appropriation,  and  a  certain 
amount  of  work  was  carried  on  during  the  following  two  years.  Then 
all  State  appropriations- were  stopt,  both  against  this  insect  and  the 
gipsy  moth,  and  for  five  years  the  insect  spread  unchecked  except  by 
the  work  done  by  individual  property  holders  and  town-improvement 
societies. 

In  1899,  when  the  work  stopt,  an  area  of  approximately  928 
square  miles  was  infested,  extending  from  the  ocean  along  the  New 
Hampshire  line  to  the  western  border  of  the  town  of  Methuen,  thence 
practically  directly  southward  to  Newton,  and  thence  the  limiting 
border  extended  gradually  in  a  southeasterly  line  to  Cohasset,  includ- 
ing the  entire  suburbs  of  Boston.  In  1903  a  report  was  published  by 
the  State  of  Massachusetts,  under  the  authorship  of  C.  H.  Fernald  and 
A.  H.  Kirkland,  giving  a  full  account  of  the  insect  and  indicating  that 
between  the  autumn  of  1899  and  that  of  1902  nearly  600  square  miles 
of  territory  had  been  added  to  the  American  range  of  the  species, 
which  had  spread  out  to  Kittery,  Me.,  and  had  included  a  large  por- 
tion of  southeastern  New  Hampshire.  One  occurrence  at  St.  John, 
New  Brunswick,  was  reported  also. 

By  the  close  of  1905  the  two  lower  tiers  of  counties  in  New  Hamp- 
shire had  become  generally  infested,  and  specimens  had  been  sent  in 
to  the  State  entomologist  of  New  Hampshire  from  the  White  Mountain 
region.  Notable  flights  of  the  moths  had  been  observed  at  Nashua, 
Concord,  and  Portsmouth.  In  Maine  the  insect  had  been  found  scat- 
tered along  the  coast  at  various  places — Portland,  Rockland,  and 
8272— No.  264—06 2 
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Augusta  were  generally  infested;  the  insect  had  appeared  in  consider- 
able numbers  on  the  island  of  Mount  Desert;  and  had  been  reported 
at  Eastport.  A  single  finding  also  had  been  reported  at  Providence, 
R.  I.,  but  the  insect  had  not  been  found  in  the  State  of  Connecticut. 
In  Massachusetts  there  had  been  a  wide  spread  to  the  southward  and 
a  slower  spread  to  the  westward,  the  species  having  been  found  as  far 
east  as  Amherst.  Full  reports  have  not  been  made  of  the  additional 
spread  during  1906,  nor  will  it  be  possible  accurately  to  make  such 
reports  until  the  leaves  fall  in  the  autumn  and  the  winter  nests  are 
readily  to  be  seen. 

DESCRIPTION  OF  THE  INSECT. 

The  eggs. — The  eggs  of  the  brown -tail  moth  are  small  and  globular, 
and  are  laid  in  masses  on  the  underside  of  leaves  in  the  latter  part  of 


FIG.  1.— The  brown-tail  moth  (Euproctis  chrysorrhtea):  Fe- 
male moth  above,  male  moth  below,  larva  or  caterpillar 
at  right.  Slightly  enlarged  (original). 


FIG.  2. — Caterpillar  of  the  brown- 
tail  moth.  Enlarged  (from 
Fernald  and  Kirkland). 


July.  The  egg  masses  are  brown  in  color  and  are  covered  with  hair, 
each  mass  containing  about  300  eggs.  They  are  much  smaller  than 
the  egg-masses  of  the  gipsy  moth,  with  which  they  are  most  likely  to 
be  confused,  and  average  about  two-thirds  of  an  inch  in  length  by 
about  one-fourth  of  an  inch  in  width.  They  are  thus  elongate  in  form, 
and  are  convex. 

The  larva  or  caterpillar.— The  full-grown  larva  (fig.  1  at  right;  fig. 
2)  is  about  2  inches  long,  reddish  brown  in  color,  with  a  broken  white 
stripe  on  each  side  and  two  red  dots  on  the  back  near  the  hind  end.  It 
carries  also  patches  of  orange  and  is  covered  with  tubercles  bearing 
long  barbed  hairs.  The  tubercles  along  the  back  and  sides  are  covered 
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with  short  brown  hairs  in  addition  to  the  longer  ones,  which  give  the 
tubercles  when  magnified  an  appearance  like  velvet.  The  head  of  the 
larva  is  pale  brown  with  darker  mottlings. 

The  young  larva1  are  of  a  blackish  color  covered  with  reddish  brown 
hairs.  The  head  is  jet  black.  Close  examination  will  show  projecting 
from  the  back  of  the  fourth  and  fifth  abdominal  segments  a  large  tuft 
of  reddish  brown  hairs,  and  on  the  middle  line  of  the  ninth  and  tenth 
.segments  is  an  orange  or  reddish  tubercle  which  may  be  withdrawn 
into  the  body.  After  the  second  spring  molt  the  larva  is  about  three- 
eighths  of  an  inch  long,  the  yellow  mark- 
ings on  the  body  are  more  apparent,  and 
the  brown  tufts  on  the  back  less  promi- 
nent, while  the  band  of  white  dashes  along 
the  sides,  characteristic  of  the  full-grown 
larva,  is  noticeable. 

The  pupa. — The  full-grown  larva  spins 
a  cocoon  of  grayish  silk,  which  is  very 
loose  in  its  construction  and  is  so  far  from 
being  compact  that  the  pupa  may  be  read- 
ily seen  thru  it.  The  pupa  itself  is  about 
live-eighths  of  an  inch  long,  dark  brown 
in  color,  with  a  conical  spine  at  the  end  of 
the  abdomen  bearing  a  cluster  of  minute 
hooks  at  the  tip.  Smooth,  3rellowish 
brown  hairs  are  found  scattered  over  the 
abdomen  and  the  top  of  the  thorax. 

The  cocoons  are  apparently  spun  by 
preference  among  the  leaves  at  the  tips  of 
brandies,  and  often  a  dozen  or  more  larvae 
will  spin  a  common  web  within  which 
each  individual  forms  its  own  cocoon  and 
transforms  to  pupa.  The  cocoons  are 
also  found  under  fences  and  beneath  the 
edges  of  clapboards.  Mr.  Kirkland  has 
seen  a  mass  of  cocoons  nearly  2  feet  across 
in  the  cornice  of  a  house  in  Somerville. 

The  adult  or  moth. — The  moths  (fig.  1, 
at  left)  are  pure  white,  the  end  of  the  abdomen  being  brownish,  and 
both  sexes  bear  at  the  tip  of  the  abdomen,  more  conspicuously  with 
the  female,  a  tuft  of  brown  hairs,  almost  globular  in  form,  from  which 
conies  the  name  brown-tail  moth.  It  is  the  only  moth  occurring  in 
America  to  which  this  description  applies,  and  is  therefore  unmistak- 
able. The  female  expands  about  li  inches,  and  the  male  is  smaller. 


FIG.  3.— Brown -tail  moths  on  electric- 
light  po'.e,  Maiden,  Mass.,  July  12, 
190"i.  (From  Kirkland.) 
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SEASONAL  HISTOKY. 

The  moths  fly  in  New  England  from  the  1st  to  the  20th  of  July,  the 
time  varying  with  the  condition  of  the  season.  In  1898  the  height  of 
the  flying  season  is  said  by  Fernald  and  Kirkland  to  have  been  July  16, 
in  1899  July  8,  and  in  1902  July  14.  It  is  a  night-flying  insect,  and 
only  a  few  are  ever  seen  on  the  wing  in  the  daytime.  Soon  after  sunset 
a  few  begin  to  fly,  the  number  increasing  as  it  grows  dark,  and  from 


FIG.  4. — Winter  web  of  the  brown-tail  moth.     (After  Kirkland.) 

10  o'clock  to  midnight  they  swarm  to  the  greatest  extent.  They  are 
strong  flyers,  and  are  attracted  to  light  (see  fig.  3).  So  great  have  been 
their  numbers  in  the  infested  region  that  the  sides  of  red  brick  build- 
ings near  electric  lights  have  appeared  perfectly  white.  It  is  at  this 
time  that  the  great  spread  of  the  species  occurs,  and  the  reason  that 
the  direction  of  the  spread  has  been  greatest  toward  the  northeast  has 
been  the  fact  that  the  prevalent  night  winds  at  that  time  of  the  year 
seem  to  have  been  from  the  southwest.  Aside  from  actual  flight,  the 
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species  has  spread  by  being  carried  in  the  moth  condition  on  railway 
trains  and  on  vessels.  Captains  of  vessels  have  reported  that  the 
moths  have  alighted  upon  their  ships  in  great  numbers  in  the  vicinity 
of  Boston  along  toward  midnight  on  several  occasions,  and  the  intro- 
duction of  the  species  at  more  than  one  seaport  in  Maine  has  been  by 
means  of  vessels  coming  from  the  infested  district  rather  than  by 
direct  flight.  Of  course  the  brown-tail  moth  is  carried  in  the  cater- 
pillar stage  just  as  is  the  gipsy  moth,  upon  vehicles  of  different  kinds 
passing  thru  the  infested  region  and  upon  the  persons  of  pedestrians  as 
well.  In  late  May,  1906,  the  writer,  in  company  with  three  other  per- 
sons, walked  thru  the  woods  in  a  region  not  far  from  Boston,  and  altho 

the  most  careful  efforts  were  made     

by  each  of  us  to  pick  the  caterpil- 
lars from  the  clothes  of  the  others, 
an  hour  or  two  afterwards  and 
many  miles  away  by  automobile 
still  others  were  found  under  the 
upturned  trousers  and  lapels  of  coats 
and  in  other  hidden  places  about 
garments. 

The  eggs  are  laid  by  the  moths 
soon  after  the  flight  begins,  say  in 
the  latter  part  of  July.  They  hatch 
during  August  and  the  young  larva4 
feed  in  clusters  on  the  upper  sur- 
face of  leaves,  skeletonizing  them 
and  causing  the  foliage  to  turn 
brown  as  if  blighted.  At  first  they 
feed  upon  the  leaf  which  bears  the 
egg  mass,  but  soon  wander  to  others, 
returning  at  night  to  the  original 

leaf.  When  first  hatched  they  are  about  one-twelfth  of  an  inch  long, 
and  in  five  to  six  da}Ts  shed  their  skin,  increasing  in  length  to  one- 
fifth  of  an  inch. 

Later  the  second  molt  occurs,  altho  this  sometimes  does  not  take 
place  until  autumn  within  the  winter  web.  Along  in  September  they 
begin  to  spin  their  winter  webs  by  drawing  together  a  number  of 
leaves  with  silk,  and  in  each  of  these  nests  a  large  number  of  caterpil- 
lars stow  themselves  away  for  the  winter.  These  webs  or  nests,  com- 
posed of  leaves  and  silk,  will  average  from  5  to  6  inches  in  length,  and 
each  will  contain  200  or  more  caterpillars.  The  caterpillars  feed  until 
••old  weather,  and  then  all  enter  the  web  and  close  the  exit  holes.  They 
are  then  about  one-fourth  grown. 
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FIG.  5. — Web  of  the  brown-tail  moth. 
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These  winter  webs  (figs.  4-7)  of  the  brown-tail  moth  aro  very  char- 
acteristic, and  there  are  practically  no  other  insect  structures  common 
upon  trees  which  may  be  mistaken  for  them.  There  are  certain  old 
webs  of  native  species  which  might  possibly,  by  the  untrained  eye, 
be  considered  to  be  those  of  the  brown-tail  moth,  but  these  are  empty 


PIG.  f>.  —  Winter  webs  of  the  brown-tail  moth,  attached  to  fruit.    (After  Kirkland.) 


in  the  winter  time.  An}^  web  of  this  character  and  general  size  found 
during  the  winter  which  contains  young  caterpillars  in  any  number  is 
the  web  of  the  brown-tail  moth. 

The  following  spring,  as  soon  as  the  buds  begin  to  appear  upon  fruit 
trees,  these  young,  one-fourth-grown  caterpillars  issue  from  the  over- 
wintering nests  and  attack  first  the  buds  and  blossoms  and  later  the 
foliage.  Apparently  half  starved  *by  their  long  hibernation,  they 
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>me  out  with  voracious  appetites,  and  the  amount  of  damage  done 

them  at  this  time  is  extraordinary.     Old  trees  may  lose  all  their 

uds.  or.  if  the  leaf  buds  and  blossom  buds  burst,  the  foliage  itself  mav 
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Fit..  7.— Winter  webs  of  the  brown-tail  moth  on  pear  tree,  Melrose,  Mass.,  December,  1905.     (After 

Kirkland.) 

be  entirely  destroyed  at  a  later  date.  The  growth  of  the  larva  is 
rapid,  and  it  reaches  full  size  and  begins  to  spin  its  cocoon  during  the 
last  half  of  June,  transforming  to  pupa  and  remaining  in  this  condition 
for  approximately  20  days. 
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DAMAGE  TO  PLANTS. 

As  just  indicated,  the  damage  to  trees  and  shrubs  may  be  very 
severe.  The  list  of  food  plants  is  very  extensive.  While  there  seemed 
at  first  to  be  a  preference  for  pear  (figs.  7,  8)  and  apple,  the  larvae  were 
found  to  feed  also  upon  the  stone  fruits,  as  well  as  upon  the  elm, 
maple,  and  several  species  of  oak.  Of  late  years  there  has  been  a 
very  extensive  infestation  of  scrub  oak  and  of  the  larger  trees  of  the 
genus  Quercus.  In  fact  the  caterpillars  feed  generally  upon  all  decid- 
uous trees,  on  many  shrubs,  and  even  upon  herbage.  A  list  of  over 
80  different  food  plants  was  published  by  Fernald  and  Kirkland  in 


FIG.  8.— Pear  trees  stript  by  the  brown-tail  moth,  Winchester,  Mass.,  June  9,  1905.     (After  Kirkland.) 

1903.  Thousands  of  fruit  trees  in  the  vicinity  of  Boston  have  been 
killed  by  this  insect.  Injury  to  woodlands  and  forests  has  not  been  as 
severe  as  that  accomplished  by  the  gipsy  moth,  and  coniferous  trees 
do  not  seem  to  be  attacked,  but  the  damage  to  oak,  maple,  and  elm  in 
the  wooded  region  has  been  sufficient  to  cause  the  forests  to  appear 
brown  in  June  in  places,  and  complete  defoliation  for  a  series  of  three 
or  four  years  has  brought  about  the  death  of  many  trees.  Even  where 
the  tree  survives,  its  growth  has  been  checked,  and  there  is  a  timber 
loss. 
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BROWN-TAIL  RASH. 

The  term  "brown-tail  rash"  is  well  understood  in  eastern  New 
England  at  the  present  time,  although  a  few  years  ago  it  was  practically 
unknown.  The  hairs  of  the  brown-tail  caterpillar  are  finely  barbed 
and  brittle  (see  fig.  9),  and  where  the  caterpillar  comes  in  contact  with 
the  human  skin  these  hairs  enter  the  skin  pores,  break  off,  and  cause  a 


FIG.  9. — Hairs  of  the  caterpillar  of  the  brown-tail  moth,  highly  magni- 
fied.    (Adapted  from  Kirkland.) 

severe  irritation.  Indeed,  it  is  not  necessary  for  the  caterpillar  itself  to 
come  in  contact  with  the  skin;  at  certain  times  of  the  year  it  seems  as 
though  the  hairs  were  actually  floating  about  in  the  air.  At  the  time 
of  the  caterpillar's  change  of  skin,  and  particularly  at  the  time  of  the 
spinning  of  the  cocoon  and  the  final  change,  certain  of  these  hairs 
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appear  to  become  loosened  in  such  a  way  that  they  are  carried  by  the 
wind.  A  few  people  have  been  made  seriously  ill  by  this  so-called 
rash,  arid  it  is  the  cause  of  great  annoyance.  Extreme  cases  were 
noted  during  the  past  summer  in  the  parasite  laboratory  at  North 
Saugus.  Two  of  the  assistants  who  had  charge  of  the  American  end 
of  the  introduction  of  the  European  parasites  of  the  gipsy  moth  and 
brown-tail  moth  and  were  obliged  to  handle  large  numbers  of  the  win- 
tering nests  brought  over  from  Europe  were  poisoned  to  such  an 
extent  that  their  hands  and  arms  were  swollen  to  great  size,  their  eyes 
were  swollen  nearly  shut,  and  the  irritation  of  the  hairs  in  the  throat 
and  nasal  passages  was  such  as  to  cause  alarming  symptoms.  Begin- 
ning with  April,  one  of  the  assistants  has  had  an  almost  constant  cough 
from  this  cause,  lasting  to  the  date  of  the  present  writing  (August  30). 
Persons  engaged  in  removing  the  nests  from  trees  in  the  winter  time 
and  in  carrying  them  away  to  be  burned  also  suffer  from  brown- 
tail  rash,  altho  the  trouble  is  not  so  great  in  the  winter  time  as  in  the 
summer  time,  since  during  warm  weather  the  pores  of  the  skin  are 
more  open  and  more  receptive  to  the  hairs.  A  large  part  of  the  pop- 
ular feeling  in  New  England  that  the  brown-tail  moth  must  be  exter- 
minated is  due  quite  as  much  to  the  prevalence  and  annoyance  of  this 
rash  as  to  the  loss  of  vegetation  from  the  work  of  the  caterpillars. 

For  a  time  the  free  use  of  vaseline  was  recommended  for  the 
so-called  brown-tail  rash,  but  of  late  cooling  mixtures  have  been  used 
in  preference,  and  an  excellent  prescription  which  has  been  tried 
repeatedly  with  good  effect  is  the  following: 

Menthol ." grains. .  10 

Zinc  oxidi drams . .  2 

Aq.  calcis ounces. .  8 

Acid  carbolici drops..  15 

This  mixture  is  for  external  use. 

The  hairs  which  produce  the  worst  effect  are  the  short  brown  ones 
from  the  tubercles  on  the  back  and  sides  of  the  abdomen.  They  are 
illustrated  in  fig.  9.  This  nettling  or  urticating  effect  is  not  pecu- 
liar to  the  hairs  of  the  brown-tail  moth.  A  number  of  our  native 
species  carry  similar  hairs.  The  difficulty  is  apparently  purely  a 
mechanical  one,  and  there  is  no  accompanying  specific  poison. 

NATURAL  ENEMIES  AND  PARASITES. 

Observations  extending  over  a  number  of  years  show  that  birds  are 
important  in  checking  the  spread  of  the  brown- tail  moth.  The  cater- 
pillars, like  other  hairy  species,  are  not  so  much  eaten  by  birds,  except 
by  certain  ones,  such  as  the  yellow-billed  and  black-billed  cuckoos  and 
the  Baltimore  oriole.  The  yellow-throated  vireo  and  the  bluejay  also 
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feed  upon  them.  When  the  moths  emerge  in  number,  however,  they 
are  preyed  upon  by  a  great  many  birds,  and  even  the  English  spar- 
row destroys  large  numbers  of  them.  July  16,  181)7,  Mr.  Kirkland 
observed  whole  flocks  of  English  sparrows  following  along  the  lines 
of  fences  carefully  searching  for  the  moths,  which  when  found  were 
greedily  devoured.  Of  course  many  of  these  moths  will  have  laid 
their  eggs  before  they  are  destroyed,  yet  the  work  as  a  whole  counts. 
Bats  and  toads  also  eat  the  moths  as  they  fly  about  electric  lights, 
the  latter  devouring  them  when  they  fall  to  the  ground. 

Certain  of  our  native  parasites  which  destroy  allied  insects  like  the 
fall  web  worm  and  the  tussock  moth  also  breed  in  the  brown -tail  moth, 
but  the  percentage  of  parasitism  is  very  small. 

An  effort  is  being  made  to  introduce  the  European  parasites  of  both 
the  brown-tail  moth  and  the  gipsy  moth,  and  during  the  past  year 
many  thousands  of  such  parasites  have  been  introduced  and  liberated 
in  the  vicinity  of  Boston.  They  are  first  cared  for  in  a  laboratory  at 
North  Saugus;  many  of  them  are  afterwards  studied  under  outdoor 
tents,  while  still  others  have  been  liberated  in  the  open  in  badly 
infested  woodlands.  The  results  down  to  the  present  time  are  encour- 
aging, but  it  may  be  a  matter  of  some  years  before  appreciable  results 
are  obtained,  and  there  is  a  possibility,  also,  that  these  European  para- 
sites will  not  multiply  to  the  same  extent  as  in  Europe.  Therefore 
active  mechanical  measures  must  still  be  continued,  and  perhaps  for 
years  to  come,  in  the  actual  destruction  of  the  injurious  insect. 

REMEDIES. 

The  most  obvious  means  of  controlling  the  brown-tail  moth,  and  the 
easiest  one,  is  the  collection  and  destruction  of  the  winter  nests  after 
the  leaves  have  fallen.  These  webs,  elsewhere  described,  are  con- 
spicuous from  October  to  April.  Many  of  them  are  within  reach,  and 
as  each  contains  200  caterpillars  or  more,  each  one  capable  of  destroy- 
ing a  number  of  buds  in  the  spring,  the  value  of  this  work  is  at  once 
evident.  The  webs  should  be  removed  before  the  first  part  of  April. 
In  Massachusetts,  on  the  larger  trees,  are  used  long  ladders  and  climb- 
ing irons,  and  some  men  make  a  business  of  destroying  these  nests 
upon  private  estates.  The  twigs  carrying  the  nests  are  clipped  off 
with  one  of  the  ordinary  tree  pruners  (fig.  10)  and  the  collected  nests 
are  burned. 

After  the  leaves  come  out  in  the  spring  the  nests  remaining  on  the 
trees  will  be  empty,  and  it  is  no  longer  worth  while  to  make  an  effort 
to  collect  them.  Practically  the  only  remedy  after  this  date  is  spray- 
ing with  an  arsenical  mixture.  When  the}^  are  young  the  larvae  may 
be  effectively  destroyed  by  spraying  with  arsenate  of  lead.  They  may 
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FIG.  10.— Pruning  shears  suita- 
ble for  removing  the  winter 
webs  of  the  brown-tail  moth. 
(From  Fernald  and  Kirk- 
land.) 


also  be  destroyed  by  a  Paris-green  spray,  in  the  proportion  of  1  pound 
to  100  or  even  150  gallons  of  water.  A  stronger  mixture  will  burn 
the  foliage.  Arsenate  of  lead,  however,  may  be  applied  much  stronger, 

and  this  substance  should  be  used  when  the 
caterpillars  are  larger.  Mr.  Sanderson,  as  the 
result  of  an  experiment  in  New  Hampshire, 
recommends  5  pounds  of  arsenate  of  lead  to 
a  barrel  of  water  when  the  caterpillars  are 
large. 

Organized  efforts  have  been  made  in  many 
villages  and  towns,  under  the  auspices  of  local 
associations,  to  secure  the  collection  and  de- 
struction of  the  nests  in  the  winter.  In  some 
cases  the  services  of  school  children  and  others 
have  been  enlisted  by  the  payment  of  a  small 
bounty,  and  very  many  thousands  of  nests 
have  been  collected  and  destroyed  in  this  way. 
Massachusetts  is  now  working  under  a  good 
State  law,  a  summary  of  which  is  published 
below.  Other  States  already  infested  or  liable  to  infestation  in  the 
near  future  should  pass  similar  laws. 

THE  MASSACHUSETTS  LAW. 

The  following  is  a  summary  of  the  essential  features  of  the  Massa- 
chusetts law  to  provide  for  suppressing  the  gipsy  and  brown-tail  moths: 

The  moths  are  public  nuisances. — The  gipsy  and  brown- tail  moths  are 
declared  public  nuisances  and  their  suppression  is  required. 

The  superintendent  of  suppression. — A  superintendent  appointed  by 
the  governor  with  power,  subject  to  the  governor's  approval,  of 
appointing  agents  and  assistants  has  entire  general  charge  of  the 
work  of  suppressing  the  moths. 

Duties  of  cities,  towns,  and  individuals. — Cities  and  towns  (under  the 
advice  and  general  direction  of  the  superintendent,  and  by  such  agent 
as  they  may  designate  or  appoint)  are  required,  under  penalty  for 
neglect,  to  destroy  the  eggs,  pupse,  and  nests  of  the  gipsy  and  the 
brown-tail  moths  within  their  limits,  excepting  that  such  work  is  not 
to  be  done  by  cities  and  towns  on  property  controlled  by  the  Common- 
wealth, nor  is  it  to  be  done  upon  private  property,  excepting  where 
the  owners  of  the  same  fail  to  destroy  the  eggs,  pupae,  and  nests  of 
the  moths,  in'accordance  with  the  terms  of  the  official  notice  to  private 
owners  noted  in  the  section  here  following: 

Hotice  to  private  owners. — The  mayor  of  every  city  and  the  select- 
men of  every  town  shall,  at  suitable  times,  notify  every  owner  of  land 
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located  therein  which  is  infested  with  the  moths,  requiring  him  to 
destroy  the  eggs,  pupse,  and  nests  of  the  moths  within  a  specified 
time. 

When  the  mayor  or  selectmen  decide  that  the  cost  of  such  destruc- 
tion (on  lands  contiguous  and  under  one  ownership)  will  exceed  one- 
half  of  1  per  cent  of  the  assessed  valuation  of  the  lands,  then  they  may 
designate  in  the  notice  a  part  only  of  such  lands  on  which  the  destruc- 
tion shall  take  place. 

Failure  of  private  owners  to  destroy  moths. — If  the  owner  does  not, 
as  required  by  the  terms  of  the  aforesaid  notice,  destroy  the  eggs, 
pupa?,  and  nests  of  the  moths,  then  the  city  or  town,  subject  to  the 
approval  of  the  State  superintendent,  shall  destroy  them,  and  shall 
assess  upon  such  aforesaid  lands  the  actual  cost  of  so  doing,  to  an 
amount,  however,  not  exceeding  one-half  of  1  per  cent  of  the  assessed 
valuation  of  the  land. 

This  amount,  so  assessed,  shall  be  collected  in  the  form  of  taxes,  and 
constitutes  a  lien  upon  such  lands. 

Redress  by  abatement  and  appeal. — The  assessors  may  abate  the  moth 
assessment  in  the  case  of  any  private  landowner  decided  by  them  to 
be  unable  to  pay  it  because  of  age,  infirmity,  or  poverty. 

Appeal  to  the  county  superior  court,  with  special  provision  for 
prompt  hearing,  is  provided  by  the  statute  for  any  person  aggrieved  by 
assessment  on  account  of  this  work;  provided  a  complaint  is  entered 
within  30  days  of  notice  of  such  assessment. 

Appropriation  by  the  Commonwealth. — To  meet  the  expenses  incurred 
under  its  moth-suppression  law  the  Commonwealth  has  appropriated 
$300,000.  Of  this  sum  $75,000  may  be  expended  during  1905, 
$150,000  (and  any  unexpended  balance)  during  1906,  and  $75,000  (and 
any  unexpended  balance)  during  1907,  up  to  May  1,  1907,  inclusive. 

For  the  purpose  of  experimenting  with  natural  enemies  for  destroy- 
ing the  moths,  $10,000  is  additionally  appropriated  for  each  of  the 
years  1905,  1906,  and  1907. 

Reimbursements  to  cities  and  towns. — {!)  Cities  and  towns  with 
valuation  of  real  and  personal  estate  of  $12,500,000  or  more,  having 
spent  $5,000  in  any  one  calendar  }rear,  shall  be  reimbursed  annually 
50  per  cent  (one-half)  of  all  further  expenditure  in  combating  this  pest. 

(2)  Cities  and  towns  with  valuation  less  than  $12,500,000  and  more 
than  $6,000,000,  having  spent  an  amount  equal  to  one-twenty-fifth  of 
1  per  cent  of  such  valuation  in  one  year,  shall  be  reimbursed  annually 
80  per  cent  (four-fifths)  of  all  further  expenditure. 

(3)  Towns  with  valuation   less   than   $6,000,000,  having  spent  an 
amount  equal  to  one-twenty-fifth  of  1  per   cent  of    such  valuation 
in  one   year,  shall   be   reimbursed   once   in  60  days  for  all  further 
expenditure. 
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Limits  to  required  expenditure  by  cities  and  towns. — No  city  or  town 
with  an  assessed  real  and  personal  valuation  of  more  than  $6,000,000 
shall  be  required  to  expend  in  the  suppression  of  the  moths  during 
any  one  full  year  more  than  one-fifteenth  of  1  per  cent  of  such  valua- 
tion. No  town  with  an  assessed  real  and  personal  valuation  of  less 
than  $6,000,000  shall  be  required  to  thus  expend  during  any  one  full 
year  more  than  one-twenty-fifth  of  1  per  cent  of  such  valuation. 

Valuations  of  1904  taken  as  basis. — Wherever  valuations  of  real  and 
personal  property  are  referred  to  in  the  law  for  the  suppression  of 
the  gipsy  and  brown-tail  moth  the  valuations  of  1904  are  meant. 

Wilful  resistance  or  obstruction. — Wilful  resistance  to  or  obstruction 
of  any  agent  of  the  Commonwealth  or  of  any  city  or  town,  while 
lawfully  engaged  in  the  execution  of  the  purposes  of  the  moth- 
suppression  law,  is  forbidden  under  penalty. 
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BUREAU  OF  ENTOMOLOGY, 
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SIR:  I  have  the  honor  to  transmit  a  brief  account  of  the  gipsy  moth 
(Porthetria  dispar),  with  some  consideration  of  methods  of  control, 
which  I  believe  is  suited  for  publication  as  a  Farmers'  Bulletin. 
Respectfully, 

L.  O.  HOWARD, 

Entomologist  and  Chief  of  Bureau. 
Hon.  JAMES  WILSON, 

Secretary  of  Agriculture. 
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THE  GIPSY  MOTH  AND  HOW  TO  CONTROL  IT. 


INTRODUCTION. 

The  gipsy  moth  (Porthetria  dispar  L.)  is  an  European  insect  which 
was  accidentally  introduced  into  Massachusetts  nearly  forty  years  ago 
and  has  since  spread  rather  slowly,  being  still  confined  to  the  eastern 
part  of  Massachusetts,  to  Rhode  Island,  to  the  southern  part  of  New 
Hampshire,  and  to  more  or  less  isolated  localities  in  eastern  Connecti- 
cut and  southwestern  Maine. 

After  the  discovery  of  its  presence,  in  1889,  the  State  of  Massachu- 
setts for  a  number  of  years  kept  up  a  vigorous  effort  to  exterminate 
the  insect,  and  this  effort  was  supported  by  large  appropriations,  but 
was  abandoned  in  1900.  In  1905  appropriations  were  again  made  for 
the  purpose  of  attempting  to  suppress  this  insect  and  the  brown- tail 
moth,"  and  these  appropriations  are  still  in  operation. 

Although  appealed  to  on  several  occasions,  the  National  Government 
took  no  steps  to  assist  the  State  of  Massachusetts  in  its  fight  against 
this  destructive  species — with  the  exception  of  a  small  appropriation 
made  in  1905  for  the  purpose  of  introducing  its  natural  enemies — until 
the  present  year.  At  the  first  session  of  the  Fifty-ninth  Congress, 
however,  the  sum  of  $82,500  was  appropriated,  to  be  expended  by  the 
Secretary  of  Agriculture,  through  the  Bureau  of  Entomology,  in  an 
effort  to  prevent  the  further  spread  of  the  gipsy  moth  and  the  brown- 
tail  moth.  Under  this  appropriation  active  work  is  now  going  on  in 
parts  of  New  England,  and  the  character  of  this  work  is  explained  in 
a  later  section  of  this  bulletin.  A  popular  consideration  of  the  brown- 
tail  moth  has  been  published  in  Farmers'  Bulletin  No.  264,  and  the 
present  bulletin  is  planned  for  the  purpose  of  presenting  in  concise 
form  what  is  known  at  the  present  time  about  the  gipsy  moth. 

THE  GIPSY  MOTH  IN  EUROPE. 

The  gipsy  moth  has  a  wide  distribution  throughout  middle  and 
southern  Europe,  western  Asia,  and  northern  Africa,  reaching  from 
Stockholm  on  the  north  to  Algiers  on  the  south,  and  to  England  on 
the  west.  It  extends  across  to  eastern  Asia,  including  Japan,  and 

a  See  Farmers'  Bulletin  No.  264,  U.  S.  Dept.  Agric.,  1906. 
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has  been  found  in  Gey 'on.  In  a  large  portion  of  its  European  lange 
the  gipsy  rnoth  is  occasionally  abundant  and  injurious;  but  these  inju- 
rious outbreaks  occur  only  at  intervals,  and  in  many  portions  of  its 
range  it  becomes  noticeable  only  very  rarely.  For  the  most  part,  it 
is  satisfactorily  held  in  check  by  its  natural  enemies. 

INTRODUCTION  INTO  AMERICA  AND  SUBSEQUENT  SPREAD. 

Unlike  the  brown-tail  moth,  the  precise  time  and  method  of  intro- 
duction of  the  gipsy  moth  is  well  known.  Prof.  Leopold  Trouvelot, 
in  1869,  was  connected  with  the  astronomical  observatory  at  Harvard 
University,  and,  for  his  pleasure  and  interest,  was  engaged  at  odd 
times  in  the  study  of  wild  silkworms,  with  the  idea  that  species  of 
commercial  value  might  be  found,  and  that  perhaps  something  might 
be  done  in  the  way  of  cross  breeding  to  produce  a  hardier  insect  than 
the  silkworm  of  commerce,  and  one  which,  perhaps,  might  prove  to  be 
resistant  to  the  pebrine  disease  which  at  that  time  was  playing  havoc 
in  the  silkworm  establishments  of  Europe.  He  imported  different 
silk-spinning  caterpillars  in  different  stages  of  existence,  and  among 
others  egg  clusters  of  the  gipsy  moth.  He  lived  at  27  Myrtle  street, 
Medford,  and  raised  caterpillars  on  a  shrub  in  his  dooryard,  inclosing 
them  with  a  net.  During  a  gale  the  net  was  torn  and  the  insects  scat- 
tered. He  searched  for  them,  and  destroyed  those  found;  he  also 
gave  notice  of  the  probable  escape  of  the  species,  but  the  affair  was 
soon  forgotten.  For  many  years  the  insect  was  not  noticed  by  the 
people  of  Medford,  and  it  probably  increased  very  slowly.  It  is  sup- 
posed that  it  was  gradually  accommodating  itself  to  the  climate,  and 
it  is  known  that  the  neighborhood  abounded  with  insectivorous  birds 
and  that  adjoining  wood  lots  were  frequently  burned  over.  Even- 
tually the  insect  became  noticeable,  and  by  the  summer  of  1889  had 
multiplied  to  such  an  extent  as  to  become  a  notorious  pest;  then  for 
the  first  time  specimens  were  sent  to  the  State  agricultural  experi- 
ment station  at  Amherst  and  determined  by  Dr.  H.  T.  Fernald  as  the 
well-known  gipsy  moth  of  Europe. 

The  town  of  Medford  raised  a  sum  of  money  to  fight  the  insect, 
and  in  the  spring  of  1890  the  State  appropriated  $25,000,  an  addi- 
tional $25,000  being  appropriated  early  in  June.  Other  appropria- 
tions followed  from  year  to  year  with  gradually  increasing  amounts, 
and  admirable  work  was  done  under  the  Massachusetts  State  board  of 
agriculture  by  Mr.  E.  H.  Forbush  in  charge  of  the  field  operations, 
and  Prof.  0.  H.  Fernald  in  charge  of  the  scientific  and  technical  work. 
The  last  appropriation  was  expended  in  1899,  and  the  legislature 
refused  to  vote  further  sums  for  1900  and  the  following  years.  In 
1905  the  appropriations  were  renewed,  and  the  work  has  since  been 
carried  on  under  a  well-founded  State  law,  the  provisions  of  which 
are  summarized  in  the  concluding  section  of  this  bulletin. 
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The  accompanying  map  (fig.  1)  indicates  accurately  the  infested  dis- 
trict of  Massachusetts  at  the  time  of  the  interruption  of  the  State 
work  in  1900.  It  also  shows  the  district  found  infested  in  1906,  when 
the  work  of  suppression  was  recommenced  by  the  State.  The  inter- 
ruption of  the  work  is  thus  seen  to  have  been  almost  disastrous.  In 


FIG.  1.— Districts  in  Massachusetts  infested  by  the  gipsy  moth  in  1900  and  1905.    Infested  area  in 
1900,  359  square  miles;  in  1905,  2,224  square  miles.     (From  Kirkland.) 

1899  the  State  board  of  agriculture  had  the  problem  well  in  hand,  and 
at  that  time  it  seemed  very  probable  to  skilled  practical  entomologists 
who  looked  into  the  matter  that  even  extermination  was  possible  in 
the  course  of  a  comparatively  short  time.  But  the  five  years'  inter- 
ruption of  the  work  caused  the  spread  of  the  insect  from  a  restricted 
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territory  of  359  square  miles  throughout  an  extended  range  of  2,224 
square  miles.  Beyond  the  limit  indicated  as  that  of  1905  the  moth 
has  probably  not  spread  to  any  very  great  extent  within  the  limits  of 
the  State  of  Massachusetts.  Scouting  work,  however,  during  the 
early  spring  of  1906  and  the  autumn  of  the  same  year  has  indicated  a 
general  spread  over  the  New  Hampshire  border  into  the  southern  tier 
of  counties  of  that  State,  and  recent  scouting  in  Maine  has  shown  the 
establishment  of  the  gipsy  moth  at  several  points  in  the  southwestern 
portion  of  that  State.  Moreover,  it  has  been  found  near  Stonington, 
Conn.,  and  over  a  considerable  space  within  and  about  the  city  of 
Providence,  K.  I. 

THE  TERRITORY  NOW  INFESTED  IN  THE  UNITED  STATES, 

The  territory  at  Dresent  infested  may  be  briefly  considered  by  States 
as  follows: 

Massachusetts. — The  gipsy  moth  has  been  found  in  Massachusetts  by 
the  local  State  force  in  138  cities  and  towns,  which  represent  an  area 
of  about  2,480  square  miles.  The  most  seriously  infested  section  is  a 
group  of  about  twenty  towns  just  north  of  Boston,  including  a  terri- 
tory surrounded  by  Salem,  Peabody,  Lynntield,  Wakefield,  Stoneham, 
Woburn,  Lexington,  Waltham,  Watertown,  and  Cambridge.  Within 
this  territory  almost  every  tree  is  more  or  less  infested.  Thousands 
of  fruit  trees  and  shade  trees  have  been  killed  by  this  pest;  in  the 
woodlands  one  can  easily  find  blocks  of  from  1  to  50  acres  in  which 
almost  every  tree  is  dead.  During  the  past  summer  several  thousand 
acres  of  these  woodlands  were  entirely  denuded  of  foliage.  The  vora- 
cious feeding  of  the  gipsy-moth  caterpillars  year  after  year  must  soon 
cause  the  loss  of  other  large  areas  of  woodland. 

Outside  the  badly  infested  area  mentioned  above  the  gipsy  moth 
occurs  in  less  alarming  numbers,  until  in  some  of  the  outside  towns  it 
is  only  discovered  after  a  most  careful  search. 

The  territory  to  the  south  of  Boston,  except  the  city  of  Quincy,  is 
not  known  to  be  infested  to  a  serious  extent,  although  the  moth  has 
been  discovered  south  to  Buzzards  Bay  and  east  to  Orleans.  In  most 
of  the  towns  in  this  southern  district  there  are  from  three  or  four 
to  one  hundred  or  more  colonies.  While  no  serious  damage  has  yet 
resulted  from  the  presence  of  the  moth  in  this  section  of  the  State,  the 
infestations  are  there,  and  unless  strenuous  measures  are  resorted  to 
this  territory  will  in  a  few  years  be  devastated  as  severely  as  has  been 
the  country  to  the  north  of  Boston. 

The  country  to  the  west  and  north  of  the  badly  infested  central 
region,  while  quite  seriously  infested  in  spots,  shows  the  moth  in 
decreasing  numbers  as  we  diverge  from  this  center.  The  infestation 
extends  as  far  west  as  Westboro  and  Ayer  and  north  all  along  the 
New  Hampshire  border. 
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Under  the  State  laws  of  Massachusetts  and  through  its  liberal  appro- 
priations, the  trees  on  the  streets  and  in  the  residential  sections  of  the 
cities  and  towns  have  'received  sufficient  attention  to  prevent  any 
serious  damage  this  year. 

New  Hampshire. — In  New  Hampshire  the  presence  of  the  gipsy 
moth  in  small  numbers  was  known  in  the  autumn  of  1905  in  all  of  the 
seacoast  towns  and  in  the  city  of  Portsmouth,  but  little  systematic 
work  was  done  until  August  of  this  year,  since  which  time  employees 
of  the  Bureau  of  Entomology  have  discovered  the  moth  widely  scat- 
tered in  eight  towns,  which  are  all  that  have  been  thoroughly  scouted. 
This  territory  includes  Greenland,  Portsmouth,  Seabrook,  Hampton 
Falls,  North  Hampton,  and  Rye.  Effective  scouting,  however,  can  be 
done  only  after  the  leaves  fall,  and  that  now  going  on  will  probably 
reveal  the  presence  of  the  insect  over  a  much  larger  area. 

Maine. — During  the  early  autumn  the  gipsy  moth  was  reported  in 
Kitter}^  Me.,  since  which  time  a  careful  scout  has  been  made  of 
Kittery,  Eliot,  and  York,  in  all  of  which  towns  the  insect  has  been 
discovered,  with  the  probability  that  it  will  be  found  in  other  towns. 
Systematic  scouting  work  is  being  continued  in  this  State. 

Rhode  Island. — The  gipsy  moth  was  discovered  in  Providence,  R.  L, 
in  1901,  and  during  that  summer  the  city  made  some  effort  toward  its 
eradication.  From  1901  to  1906  very  little  work  was  done,  and  dur- 
ing that  period  the  moth  has  spread  until  it  now  abounds  in  nearly 
every  portion  of  the  city,  occurring  in  the  largest  numbers  in  the 
northeastern  and  southwestern  sections.  It  has  spread  also  into  the 
adjoining  towns  of  Cranston  and  Johnston. 

There  are  several  small  but  very  bad  colonies  in  Providence,  some 
of  which  show  infestation  almost  equal  to  the  badly  infested  places 
in  Massachusetts.  Most  of  the  known  infestation  is  confined  to  city 
property,  and,  unless  large  colonies  of  the  moth  are  discovered  in  the 
woodlands,  a  continued,  aggressive  campaign  should  result  in  the 
extermination  of  the  pest  in  this  territory. 

Connecticut. — In  the  summer  of  1905  the  gipsy  moth  was  discovered 
in  Stonington,  Conn.,  and,  so  far  as  known,  it  is  confined  to  an  area 
of  about  1  square  mile  to  the  north  and  east  of  Stonington  Village. 
During  the  winter  of  1905  and  1906  some  60  or  70  egg  clusters  were 
destroyed;  during  the  past  summer  trees  were  burlaped,  several 
acres  of  brush  land  cut  over,  some  of  the  stone  walls  burned  out, 
arid  the  moth  vigorously  hunted  by  the  State  authorities  under  direc- 
tion of  Doctor  Britton.  Since  the  egg-laying  season  of  the  past 
summer  about  40  more  egg  ^clusters  were  destroyed.  Unless  an 
examination  of  the  surrounding  territory  should  reveal  the  moth  over 
a  much  larger  area,  this  colony  should  be  entirely  stamped  out  within 
a  year  or  two.  although  it  will  require  careful  watching  for  several 
seasons  to  be  sure  that  it  does  not  reestablish  itself. 
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DESCRIPTION  OF  THE  INSECT. 

The  eggs. — The  eggs  of  the  gipsy  moth  are  laid  in  masses  (fig.  2)  of 
about  five  hundred.  The  individual  egg  is  minute,  about  the  size  of  a 
pinhead,  and  is  salmon-colored  when  first  laid,  but  turns  dark  in  the 


FIG.  2.— Egg  mass  of  the  gipsy 
moth  (Porthetria  dispar). 
(From  Kirkland.) 


FIG.  3.— Full-grown  caterpillar 
of  the  gipsy  moth.  Natural 
size  (from  Insect  Life). 


course  of  a  few  weeks.  Each  egg  mass  is  yellowish  in  appearance  and 
seems  covered  with  hair.  It  is  somewhat  oval,  being  one-half  of  an 
inch  long  and  about  three-fourths  of  an  inch  wide.  During  winter, 


FIG.  4.— Pupa  of  gipsy  moth.    Natural  size  (from  Insect  Life). 

from  exposure  to  moisture  in  the  atmosphere,  it  becomes  dingy  white 
in  color. 

The  larva  or  caterpillar. — The  young  larvae  or  young  caterpillars  are 
dark  in  color  and  well  furnished  with  dark  hairs.     The  full-grown 
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larva  (fig.  3)  is  between  2  and  3  inches  long,  dark  brown  or  sooty  in 
color,  with  two  rows  of  red  spots  and  two  rows  of  blue  spots  along  the 
back,  and  with  a  yellowish  but  rather  dim  stripe  between  them.  The 
body  generally  is  clothed  with  long  hairs,  and  sometimes  reaches  the 
length  of  3  inches. 

The  pupa. — The  pupa  (fig.  4)  is  not  inclosed  within  a  perfect  cocoon, 
but  the  full-grown  larva  spins  a  few 
threads  of  silk  as  a  sort  of  support  and 
changes  to  the  pupa,  which  is  dark  red- 
dish or  chocolate  in  color  and  very 
thinly  sprinkled  with  light  reddish 
hairs. 

The  adult  or  moth. — The  male  moth 
(fig.   5)   is  brownish  yellow  in   color, 
sometimes   having    a  greenish-brown 
inge;   it  has  a  slender  body,  well -feathered  antennae,  and   a  wing 

:panse  of  about  an  inch  and  a  half.     The  f orewings  are  marked  with 
zigzag  darker  lines.     It  flies  actively  all  day  as  well  as  by  night. 


PIG.    5. — Male  gipsy  moth.    Slightly  en- 
larged (from  Insect  Life). 


FIG.  6.— Female  gipsy  moth.    Slightly  enlarged  (from  Insect  Life). 

The  female  moth  (tig.  6)  is  nearly  white,  with  slender  black  antennae, 
?h  of  the  forewings  marked  with  three  or  four  zigzag,  transverse, 
irk  lines,  and  the  outer  border  of  both  pairs  of  wings  with  a  series  of 
>lack  dots.     The  body  of  the  female  is  so  heavy  as  to  prevent  flight. 

SEASONAL  HISTORY. 

The  moths  emerge  from  the  pupae  from  the  middle  of  July  to  the 
tiddle  of  August,  the  date  varying  considerably  according  to  the 
ison.     After  mating  they  live  but  a  short  time,  and  the  female  dies 

depositing  her  eggs. 
The  eggs  are  laid  therefore  in  July  and  August.    They  are  deposited 
the  moths  on  the  trunks  of  the  trees  upon  which  the  caterpillars 
ive  lived,  and  in  fact  usually  in  the  vicinity  of  the  place  where  the 
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female  has  transformed.  The  caterpillars  before  transforming  fre- 
quently crawl  for  some  distance  from  the  trees  upon  which  they  have 
been  feeding,  and  it  therefore  happens  that  the  egg  masses  will  be 
found  on  fences  and  in  all  sorts  of  protected  situations  in  which  the 
caterpillars  hide  during  the  day.  The  crevices  in  stone  fences  often 
contain  very  many  of  these  egg  masses,  and  knot  holes  in  old  trees 
will  also  contain  many  which  would  not  at  first  be  discovered.  The 
egg  masses  are  found  also  in  hollow  trees,  in  crevices  under  rough 
bark,  on  shrubbery,  on  buildings,  in  wood  piles,  in  barrels,  in  boxes, 
and  among  rubbish  in  dooryards.  The  moths  seem  to  choose  the 
inner  or  lower  surface  of  an  object  upon  which  to  lay  their  eggs,  and 
therefore  egg  masses  are  placed  out  of  sight  perhaps  as  often  as  in 
sight. 

The  eggs  hatch  about  May  1,  and  the  young  caterpillars  begin  imme- 
diately to  feed,  usually  upon  the  lower  surfaces  of  the  leaves.  As 
they  grow  they  cast  their  skins  several  times,  and  as  they  become 
larger  they  feed  only  at  night,  hiding  during  the  daytime,  usually  in 
clusters  on  the  shady  side  of  tree  trunks,  beneath  large  limbs,  in  holes 
in  trees,  under  loose  bark,  and  in  fact  under  any  nearby  shelter.  It 
is  the  habit  of  most  of  them  to  descend  before  daybreak  upon  the 
trunks  of  the  trees  and  to  seek  for  such  shelters  as  those  just  indicated, 
returning  after  nightfall  to  resume  their  nocturnal  feeding. 

The  larvae  usually  become  full  grown  about  the  1st  of  July,  and 
then  transform  to  pupae.  The  pupae  are  found  in  the  same  situations 
as  those  we  described  for  the  egg  clusters,  but  are  found  also  in  the 
foliage  of  trees  and  shrubs. 

HOW  THE  INSECT  SPREADS. 

As  indicated  above,  the  bodies  of  the  females  are  so  heavy  as  to 
prevent  €ight.  Therefore  the  insect  must  be  principally  distributed 
while  in  the  caterpillar  or  larval  condition.  The  caterpillars  are  active 
crawlers,  but  as  a  rule  do  not  migrate  from  the  localities  where  they 
were  born  except  when  food  is  scarce.  When  young,  and  when  there 
is  hardly  enough  food,  the  larvae  spin  down  from  trees  by  means  of 
silken  threads  and  often  alight  upon  vehicles  of  one  kind  or  another, 
and  are  thus  carried  often  for  great  distances  from  the  place  of  birth. 
Trolley  cars,  carriages,  automobiles,  and  bicycles  are  thus  means  of 
transportation  almost  unlimited  in  their  possibilities.  The  caterpillars 
often  crawl  upon  vehicles  which  happen  to  stand  for  any  length  of 
time  in  an  infested  locality,  and  thus  may  be  carried  great  distances. 
Sometimes  even  pedestrians  aid  unwittingly  in  this  distribution,  since 
the  caterpillars  may  drop  by  their  threads  upon  the  garments  of  a 
person  passing  under  an  infested  tree. 
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The  species  may  be  transported,  too,  in  the  egg  stage.  It  has  been 
shown  that  the  egg  clusters  are  laid  upon  many  different  kinds  of 
objects.  Cord  wood  stacked  and  piled  may  be  carried  away  in  the 
autumn  bearing  many  egg  masses,  and,  if  not  burned  before  summer, 
larvae  may  issue  in  a  new  locality.  The  same  may  be  said  for  lumber 
piles  near  infested  trees.  Freight  cars  may  have  been  sidetracked 
near  an  infested  place  long  enough  to  permit  laying  of  the  eggs  upon 
them. 

It  is  by  these  methods  that  the  comparatively  rapid  spread  of  the 
insect  previously  noticed,  during  the  years  1900-1905,  is  to  be 
explained. 

DAMAGE  TO  PLANTS. 

The  larva  of  the  gipsy  moth  feeds  upon  the  foliage  of  practically 
all  orchard  trees,  all  shade  and  ornamental  trees,  all  out-of-door  shrubs, 
and  all  forest  trees.  Not  only  are  the  deciduous  forest  trees  stripped, 
but  the  coniferous  trees  as  well.  In  June  and  July  patches  of  forests 
in  the  infested  territory  are  stripped  of  every  green  leaf  and  the  trees 
appear  as  bare  as  in  winter.  After  several  such  consecutive  strip- 
pings,  deciduous  forest  and  shade  trees  are  killed,  but  with  a  coniferous 
tree,  such  as  a  pine,  hemlock,  or  spruce,  one  complete  stripping  will 
cause  death.  It  is  this  fact  which  makes  the  gipsy  moth  so  much  more 
serious  a  pest  than  the  brown-tail  moth,  and  the  loss  which  will  result 
from  its  spread  into  northern  New  England  will  be  very  great,  owing 
to  the  enormous  coniferous  forest  interests  in  that  part  of  the  country. 

In  cities  and  towns  the  insect  does  damage  not  only  by  destroying 
all  vegetation,  but  by  swarming  in  numbers  upon  and  about  houses, 
frequently  entering  them.  It  has  been  the  experience  in  eastern 
Massachusetts  that  where  a  locality  becomes  thoroughly  infested  the 
value  of  real  estate  rapidly  depreciates,  and  it  becomes  a  matter  of 
difficult}7  to  rent  or  sell  property. 

Among  its  food  plants  the  gipsy  moth  caterpillar  seems  to  prefer 
apple,  white  oak,  red  oak,  willow,  and  elm,  but  those  who  have  studied 
it  most  carefully  in  Massachusetts  say  that  it  will  on  occasion  devour 
almost  every  useful  grass,  plant,  flower,  shrub,  vine,  bush,  garden,  or 
field  crop  that  grows  in  the  State. 

NATURAL  ENEMIES  AND  PARASITES. 

Observations  extending  over  a  number  of  years  show  that  birds  have 
some  importance  as  enemies  of  the  gipsy  moth.  As  already  suggested, 
the  fact  that  the  insects  spread  comparatively  slowly  in  the  vicinity  of 
Medford  between  the  years  1869  and  1889  is  probably  to  be  accounted 
for  in  part  by  the  fact  that  insectivorous  birds  were  much  more  numer- 
ous in  that  part  of  Massachusetts  during  that  period  than  they  have 
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been  since.  Not  only  have  the  English  sparrows  (which,  by  the  way, 
feed  but  rarely  upon  the  gipsy  moth)  driven  away  many  of  the  other 
birds,  but  pot-hunters  from  Boston  and  from  the  manufacturing  towns 
about  Boston,  especially  persons  of  foreign  birth,  have  destroyed 
great  numbers  of  insectivorous  birds.  The  caterpillars  are  preyed 
upon  by  the  cuckoos,  the  Baltimore  oriole,  the  yellow-throated  vireo, 
and  the  blue  jay.  The  moths,  when  they  emerge,  are  eaten  by  many 
birds,  and  the  eggs  are  eaten  by  several  species. 

Certain  of  our  native  parasites  which  destroy  allied  insects  like  the 
fall  webworm  and  the  tussock  moth  also  breed  in  the  gipsy  moth  cater- 
pillar and  chrysalis.  A  number  of  species  were  bred  during  the  early 
Massachusetts  State  work,  but  the  percentage  of  parasitism  was  very 
small. 

An  effort  is  being  made  by  the  Bureau  of  Entomology,  in  coopera- 
tion with  the  Massachusetts  State  authorities,  to  introduce  the  Euro- 
pean parasites  of  the  gipsy  moth,  and  of  the  brown-tail  moth  as  well, 
and  during  the  past  year  many  thousands  of  such  parasites  have  been 
introduced  and  liberated  in  the  vicinity  of  Boston.  They  are  first 
cared  for  in  a  laboratory  at  North  Saugus;  many  of  them  are  after- 
wards studied  under  out-of-door  tents,  while  still  others  have  been 
iberated  in  the  open  and  badly  infested  woodlands,  such  locations  for 
liberation  having  been  chosen  as  are  likely  to  remain  undisturbed 
either  by  insecticidal  operations  or  b}^  forest  fires.  The  results  so  far 
are  encouraging,  but  it  may  be,  and  probabty  will  be,  several  years 
before  appreciable  results  will  be  obtained,  and  it  may  be  that  these 
European  parasites  will  not  increase  as  rapidly  or  do  as  good  work  as 
they  are  known  to  do  in  Europe.  In  the  Old  World,  as  has  been  pre- 
viously indicated,  the  gipsy  moth  is  only  occasionally  present  in  suffi- 
cient numbers  to  do  noteworthy  damage,  and  it  is  ordinarily  kept  in 
check  by  its  parasites  and  other  natural  enemies.  In  this  country, 
therefore,  active  mechanical  measures  must  still  be  continued,  and 
perhaps  for  j^ears  to  come,  in  the  actual  destruction  of  the  injurious 
insect  before  relief  from  parasites  is  gained. 

REMEDIES, 

The  gipsy  moth,  when  occurring  in  moderate  numbers,  is  not  at  all 
a  difficult  insect  to  fight.  When  young  the  caterpillars  are  readily 
killed  by  spraying  the  trees  with  the  ordinary  arsenical  poisons.  As 
they  grow  older  they  develop  a  remarkable  resistance  to  the  action  of 
arsenic,  so  that  stronger  and  stronger  proportions  must  be  used.  It  was 
early  found  that  Paris  green  and  L/ondon  purple  can  not  be  used  effec- 
tively against  well-grown  larvae  unless  the  proportion  of  the  arsenical 
to  the  amount  of  water  is  so  great  as  to  burn  the  foliage  of  the  trees  or 
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plants:  Therefore  the  substance  known  as  arsenate  of  lead,  which 
admits  of  much  stronger  proportions  without  damage  to  foliage,  was 
introduced  and  has  since  been  extensively  used,  not  only  against,  the 
well  grown  gipsy  moth  larvae,  but  against  other  leaf -eating  insects. 

But  against  the  larger  larva?  other  measures  may  be  used  to  advantage. 
It  has  been  pointed  out  that  it  is  the  habit  of  the  larvae  to  descend  upon 
the  trunk  of  the  tree  in  the  early  morning  and  to  hide  under  any  pro- 
tection until  nightfall.     Therefore,  if  a  strip  of  burlap  or  other  coarse, 
cheap  cloth  is  tied  about  an  infested  tree  trunk  by  the  middle,  in  such 
a  mariner  that  the  flaps  hang  down  (see  fig.  7),  the  caterpillars,  as  soon 
as  they  have  reached  this  stage,  will  gather 
for  the  day  under  the  cloth  and  ean  be 
destroyed   by  crushing  or  cutting.     The 
burlap  should  be  examined  daily,  and  may 
be  employed  from  the  latter  half  of  May 
to  the  first  or  middle  of  August — as  late 
as  the  latter  date,  for  the  reason  that  many 
caterpillars  transform  to  pupse  under  the 
burlap  and  many  egg  masses  are  also  laid 
under  it.     As  Kirkland  has  well  expressed 
it,  "  It  should  be  borne  in  mind  that  the 
cloth  band  is  in  no  sense  a  tree  protector; 
nor  is  it  a  trap.     Its  function  is  simply  to 
give   the   shelter   which    the   caterpillars 
seek  by   day.     Serving  as  it   does   as   a 
hiding  place  for  various  insects,  it  is  better  off  the  tree  than  on  unless 
it  can  be  attended  to  and  kept  clean.     At  the  end  of  the  caterpillar 
season  all  burlaps  should  be  removed  and  burned.     To  insure  best 
results  on  high  trees,  such  as  street  elms,  burlaps  should  be  placed 
around  some  of  the  larger  limbs,  as  well  as  around  the  trunk,  as  many 
caterpillars  will  seek  shelter  up  in  the  tree  rather  than  descend  to  the 
ground.     The  most  effective  results  in  using  the  burlap  are  obtained 
where  cavities,  crevices,  etc.,  in  the  trees  have  been  first  filled  with 
cement  or  covered  with  zinc  and  all  loose  bark  removed.     If  these 
hiding  places  are  destroyed  nearly  all  the  caterpillars  will  seek  the 
burlap  at  some  time  during  the  season." 

One  of  the  most  effective  methods  of  destruction  consists  in  killing 
the  eggs.  The  egg  masses  are  often  conspicuous  and  accessible  and 
may  be  destroyed  by  applying  creosote  mixtures  by  a  small  swab  or 
paint  brush.  This  mixture  may  be  bought  at  agricultural  warehouses 
and  seed  stores  at  from  50  cents  to  $1  a  gallon.  Every  egg  mass  thus 
treated  means  the  destruction  of  500  potential  caterpillars.  The  egg 
clusters  should  be  creosoted  early  in  the  autumn  if  possible,  since  they 
are  likely  to  be  broken  and  the  eggs  scattered  on  the  ground  by  the 
rubbing  of  animals  against  the  trees,  or  by  the  breaking  open  of  the 


FIG.  7. — Manner  of  applying  burlap 
bands:  a,  band  as  originally  tied;  b, 
band  with  upper  half  turned  down. 
Greatly  reduced  (after  Forbush). 
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clusters  by  cats  and  squirrels,  or  by  the  picking  of  birds,  thus  also 
scattering  the  eggs.  Much  good  can  also  be  accomplished  by  burning 
over  unimproved  tracts  of  brush  land  and  burning  out  the  under- 
growth in  sparse  woodlands.  Where  the  clusters  are  very  plentiful, 
burning  the  ground  over  with  oil  to  destroy  eggs  scattered  as  the  result 
of  the  cutting  of  trees  and  bushes  will,  according  to  Kirkland,  be 
required  to  insure  thorough  work.  The  burning  method  is  also  effec- 
tive in  May  or  June,  after  the  young  larvae  have  hatched. 

With  the  creosoting  of  the  eggs,  the  spraying  against  the  young 
larvae,  the  burlaping  against  the  old  larvae,  and  with  burning  in  places 
indicated,  the  insect  may  be  kept  in  check.  So  great,  however,  is  the 
prolificacy  of  the  species,  and  in  such  enormous  numbers  does  it  occur 
in  eastern  Massachusetts,  that  the  thorough  use  of  these  and  other 
methods  of  destruction  upon  a  large  estate  involves  a  great  expenditure 
of  money.  For  example,  Gen.  8.  C.  Lawrence  for  a  number  of  years 
kept  a  large  force  of  men  working  upon  certain  gipsy  moth  colonies  in 
his  own  and  adjoining  forest  lands,  and  expended  each  year  more  than 
the  actual  value  of  the  lands.  This  experience,  however,  need  not  and 
should  not  discourage  small  property  holders  from  vigorous  efforts  to 
destroy  the  insects  upon  their  own  holdings.  Unless  extraordinarily 
abundant,  it  is  perfectly  feasible  to  hold  them  in  check. 

One  of  the  most  serious  features  of  the  damage  is  the  injury  in  park 
lands  in  eastern  Massachusetts,  where  thousands  of  acres  are  infested 
and  where  important  problems  exist.  From  long  experience  the  best 
methods  for  treating  these  wooded  sections  have  been  proven  to  be 
the  cutting  out  and  burning  of  all  underbrush,  the  removal  of  trees 
which  have  died  or  have  inaccessible  cavities  in  them,  and  the  burning 
of  all  refuse  on  the  ground.  It  is  almost  impossible  to  inspect  the 
thick  growths  of  underbrush  for  the  various  stages  of  the  moth,  and 
there  is  no  method  for  their  treatment  at  a  reasonable  cost.  Trees 
which  have  been  scarred  by  forest  fires,  or  from  other  causes,  often 
have  cavities  in  them  which  provide  admirable  hiding  places  for  these 
insects,  and  should  be  removed  to  prevent  the  constant  expense  of 
inspection. 

Apple  orchards,  also,  aside  from  those  receiving  the  most  careful 
attention,  offer  favorable  breeding  places  for  the  moth.  There  are  in 
New  England  thousands  of  old,  badly  infested  apple  trees  which  have 
passed  their  usefulness  for  producing  good  fruit,  and  the  ground  which 
they  occupy  might  better  be  devoted  to  other  crops  or  to  newly  set 
orchards.  The  field  force  rarely  goes  into  an  orchard  that  has  not 
several  trees  with  holes  in  them  which  might  harbor  the  gipsy  moth 
so  safely  that  its  presence  could  not  be  detected  unless  the  tree  were 
cut  open.  Such  trees,  if  not  worth  being  cared  for  by  cementing  or 
tinning  the  holes  to  prevent  the  entrance  and  exit  of  the  gipsy  moth, 
should  be  cut  and  burned. 
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Hedges  of  brush  along  roadsides  and  stone  walls  also  offer  favorable 
breeding  and  hiding  places  for  the  pest.  In  such  places  the  presence 
of  the  moth  may  not  be  discovered  for  several  years,  the  caterpillars 
feeding  upon  the  brush  and  nesting  in  stone  walls  until  the  colony  has 
developed  to  sufficient  size  to  attract  attention  by  its  depredations  on 
neighboring  trees,  upon  which  its  presence  is  easily  discovered.  The 
cutting  and  burning  of  these  rows  of  worthless  shrubbery  each  year 
until  killed  not  only  removes  a  favorite  hiding  place  for  various 
insect  pests,  but  also  gives  the  roadside  and  farm  a  much  more  trim 
appearance. 

WHAT  THE  STATE  OF  MASSACHUSETTS  IS  DOING  FOR  THE  CON- 
TEOL  OF  THE  INSECT. 

In  the  session  of  the  Massachusetts  legislature  in  the  spring  of  1905 
a  law  was  passed  which  had  for  its  object  the  suppression  of  the  gipsy 
and  brown  tail  moths.  The  essential  features  of  this  law  are  as 
follows: 

FEATURES  OF  THE  MASSACHUSETTS  LAW. 

The  moths  are  public  nuisances. — The  gipsy  and  brown  tail  moths  are 
declared  public  nuisances  and  their  suppression  is  required. 

The  superintendent  of  suppression. — A  superintendent  appointed  by 
the  governor  with  power,  subject  to  the  governor's  approval,  of 
appointing  agents  and  assistants  has  entire  general  charge  of  the  work 
of  suppressing  the  moths. 

Duties  of  cities,  towns,  and  individuals. — Cities  and  towns  (under  the 
advice  and  general  direction  of  the  superintendent,  and  by  such  agent 
as  they  may  designate  or  appoint)  are  required,  under  penalt}^  for 
neglect,  to  destroy  the  eggs,  pupae,  and  nests  of  the  gipsy  and  the 
brown-tail  moths  within  their  limits,  excepting  that  such  work  is  not 
to  be  done  by  cities  and  towns  on  property  controlled  by  the  Common- 
wealth, nor  is  it  to  be  done  upon  private  property,  excepting  where 
the  owners  of  the  same  fail  to  destroy  the  eggs,  pupae,  and  nests  of  the 
moths,  in  accordance  with  the  terms  of  the  official  notice  to  private 
owners  noted  in  the  section  here  following: 

Notice  to  private  owners. — The  mayor  of  every  city  and  the  selectmen 
of  every  town  shall,  at  suitable  times,  notify  every  owner  of  land 
located  therein  which  is  infested  with  the  moths,  requiring  him  to 
destroy  the  eggs,  pupae,  and  nests  of  the  moths  within  a  specified 
time. 

When  the  mayor  or  selectmen  decide  that  the  cost  of  such  destruc- 
tion (on  lands  contiguous  and  under  one  ownership)  will  exceed  one- 
half  of  1  per  cent  of  the  assessed  valuation  of  the  lands,  then  they  may 
designate  in  the  notice  a  part  only  of  such  lands  on  which  the  destruc- 
tion shall  take  place. 
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Failure  of  private  owners  to  destroy  moths. — If  the  owner  does  not, 
as  required  by  the  terms  of  the  aforesaid  notice,  destroy  the  eggs, 
pup*e,  and  nests  of  the  moths,  then  the  city  or  town,  subject  to  the 
approval  of  the  State  superintendent,  shall  destroy  them,  and  shall 
assess  upon  such  aforesaid  lands  the  actual  cost  of  so  doing,  to  an 
amount,  however,  not  exceeding  one-half  of  1  per  cent  of  the  assessed 
valuation  of  the  land. 

This  amount,  so  assessed,  shall  be  collected  in  the  form  of  taxes,  and 
constitutes  a  lien  upon  such  lands. 

Redress  by  abatement  and  appeal. — The  assessors  may  abate  the  moth 
assessment  in  the  case  of  any  private  landowner  decided  by  them  to 
be  unable  to  pay  it  because  of  age,  infirmity,  or  poverty. 

Appeal  to  the  county  superior  court,  with  special  provision  for 
prompt  hearing,  is  provided  by  the  statute  for  any  person  aggrieved  by 
assessment  on  account  of  this  work;  provided  a  complaint  is  entered 
within  30  days  of  notice  of  such  assessment. 

Appropriation  by  the  Commonwealth. — To  meet  the  expenses  incurred 
under  its  moth -suppression  law  the  Commonwealth  has  appropriated 
$300,000.  Of  this  sum  $75,000  may  be  expended  during  1905, 
1150,000  (and  any  unexpended  balance)  during  1906,  and  $75,000  (and 
any  unexpended  balance)  during  1907,  up  to  May  1,  1907,  inclusive. 

For  the  purpose  of  experimenting  with  natural  enemies  for  destroy- 
ing the  moths,  $10,000  is  additionally  appropriated  for  each  of  the 
years  1905,  1906,  and  1907. 

Reimbursements  to  cities  and  towns. — (1)  Cities  and  towns  with  valu- 
ation of  real  and  personal  estate  of  $12,500,000  or  more,  having  spent 
$5,000  in  any  one  calendar  year,  shall  be  reimbursed  annually  50  per 
cent  (one-half)  of  all  further  expenditure  in  combating  this  pest. 

(2)  Cities  and  towns  with  valuation  less  than  $12,500,000  and  more 
than  $6,000,000,  having  spent  an  amount  equal  to  one  twenty -fifth  of 
1  per  cent  of  such  valuation  in  one  year,  shall  be  reimbursed  annually 
80  per  cent  (four-fifths)  of  all  further  expenditure. 

(3)  Towns  with  valuation  less  than   $6,000,000,    having   spent  an 
amount  equal  to   one  twenty-fifth  of  1  per  cent  of   such  valuation 
in  one  year,  shall  be   reimbursed   once   in  60  days  for  all   further 
expenditure. 

Limits  to  required  expenditure  by  cities  and  towns. — No  city  or  town 
with  an  assessed  real  and  personal  valuation  of  more  than  $6,000,000 
shall  be  required  to  expend  in  the  suppression  of  the  moths  during 
any  one  full  year  more  than  one-fifteenth  of  1  per  cent  of  such  valua- 
tion. No  town  with  an  assessed  real  and  personal  valuation  of  less 
than  $6,000,000  shall  be  required  to  thus  expend  during  any  one  full 
year  more  than  one  twenty -fifth  of  1  per  cent  of  such  valuation. 
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Valuations  of  1904  taken  as  basis. — W  herever  valuations  of  real  and 
personal  property  are  referred  to  in  the  law  for  the  suppression  of 
the  gipsy  and  brown-tail  moth  the  valuations  of  1904  are  meant. 

Willful  resistance  or  obstruction. — Willful  resistance  to  or  obstruction 
of  an}'  agent  of  the  Commonwealth  or  of  any  city  or  town,  while 
lawfully  engaged  in  the  execution  of  the  purposes  of  the  moth- 
suppression  law,  is  forbidden  under  penalty. 

Under  this  law,  Mr.  A.  H.  Kirkland,  a  very  well  equipped  man,  was 
appointed  superintendent,  organized  an  effective  force,  and  during  the 
seasons  of  1905  and  1906  has  done  excellent  work.  The  experiences 
of  these  two  years  have  shown  certain  defects  in  the  law,  which  it  is 
hoped  will  be  remedied  at  the  coining  session  of  the  State  legislature. 

WHAT  OTHER  STATES  HOPE  TO  DO. 

The  comparatively  recent  spread  of  the  gipsy  moth  into  the  States 
of  New  Hampshire,  Connecticut,  Rhode  Island,  and  Maine,  as  indi- 
cated in  an  earlier  paragraph  of  this  bulletin,  has  created  great  public 
interest  in  these  States,  and  at  the  coming  sessions  of  the  legislatures 
efforts  will  be  made  in  each  State  to  secure  the  passage  of  a  law  based 
upon  the  Massachusetts  State  law  summarized  above.  In  the  mean- 
time the  State  of  Rhode  Island  has  expended  a  certain  amount  of 
money  appropriated  by  the  legislature  last  winter,  and  the  State  of 
Connecticut  has  used  certain  funds  at  the  disposal  of  the  Director  of 
the  State  agricultural  experiment  sfcation.  In  New  Hampshire  and 
Maine  no  State  work  has  yet  been  done. 

WHAT  THE  NATIONAL  GOVERNMENT  IS  DOING. 

Congress  at  its  last  session  appropriated,  as  elsewhere  stated,  the 
sum  of  $82,500  to  be  expended  in  an  effort  to  prevent  the  further 
spread  of  the  gipsy  moth  and  the  brown-tail  moth.  This  money  became 
available  July  1,  1906,  so  that  it  was  impossible  to  perfect  the  organ- 
ization of  the  work  in  time  to  attempt  any  extended  measures  against 
the  caterpillars  this  season.  Mr.  D.  M.  Rogers,  formerly  Mr.  Kirk- 
land's  first  assistant,  was  appointed  special  agent  of  the  Bureau  of 
Entomology  in  charge  of  the  field  work,  a  force  of  inspectors  and 
laborers  was  organized,  and  work  was  begun  about  the  middle  of  July. 

After  looking  over  the  whole  field  and  discussing  the  question  at 
length  with  Messrs.  Kirkland  and  Rogers,  the  writer  concluded  that 
since  it  seems  obvious  that  nearly  all  of  the  recent  spread  of  the  gipsy 
moth  has  taken  place  by  means  of  vehicles  coming  from  the  interior 
of  the  most  thickly  infested  regions,  the  most  effective  manner  of  pre- 
venting further  extensive  spread  would  be  to  clean  up  the  main  trav- 
eled roads  in  the  most  thickly  infested  portions  of  the  old  gipsy-moth 
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territory-  The  main  work,  therefore,  was  begun  in  the  State  of 
Massachusetts,  and  forces  of  men  were  placed  on  the  principal  infested 
roads  to  clean  the  shade  trees  and  the  underbrush  for  some  distance 
back  from  the  roads,  in  order  that  there  may  be  no  opportunity 
the  coming  season  for  caterpillars  to  spin  down  upon  vehicles  or 
passers-by,  and  thus  to  be  carried  to  distances. 

By  cooperation  with  the  State  authorities  in  Rhode  Island  and  Con- 
necticut an  effort  has  been  made  to  stamp  out  the  isolated  colonies  in 
these  two  States.  This  work  has  been  actively  carried  on  throughout 
the  year,  the  Bureau  paying  for  the  services  of  the  laborers  and  con- 
trolling their  work  in  Rhode  Island,  but  in  the  Connecticut  case  leaving 
affairs  in  charge  of  the  State  authorities. 

Scouting  parties  have  been  and  are  working  in  New  Hampshire  and 
Maine  in  the  effort  accurately  to  map  every  infested  point  in  order  that 
all  isolated  colonies  may  be  destroyed. 

All  of  this  work  will  be  continued  until  the  close  of  the  fiscal  year, 
and  afterward  provided  Congress  shall  renew  the  appropriation. 

The  Government  field  office  for  gipsy -moth  work  is  at  No.  6  Beacon 
street,  Boston,  Mass.,  and  the  special  field  agent  in  charge  is  Mr.  D.  M. 
Rogers. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  DEPARTMENT  OF  AGRICULTURE, 

BUREAU  OF  ENTOMOLOGY, 

Washington,  D.  C.,  March  27, 1911. 

SIR:  I  have  the  honor  to  transmit,  for  publication,  a  paper  dealing 
with"  the  danger  of  the  general  establishment  throughout  the  United 
States  of  the  gipsy  moth  and  the  brown-tail  moth,  which  have  been 
during  the  preceding  two  years,  and  are  again  the  present  year, 
imported  from  European  countries  on  nursery  stock  and  widely  dis- 
tributed in  the  United  States.  While  every  effort  has  been  made  to 
examine  and  disinfect  such  imported  stock,  it  is  by  no  means  certain 
that  all  of  the  infested  shipments  have  been  reported  and  examined 
by  inspectors,  especially  as,  in  the  absence  of  any  law,  all  reports  and 
work  of  this  kind  are  more  or  less  voluntary.  There  is,  therefore,  con- 
siderable danger  that  the  brown-tail  moth,  or  perhaps  the  gipsy 
moth,  has  already  become  established  in  one  or  more  interior  points. 

This  paper  gives  a  record  of  the  infested  importations  during  the 
last  two  years  and  descriptions  of  nursery  conditions  in  Europe, 
showing  the  nature  of  the  infestation  there,  and  concludes  with  a 
brief  description,  with  illustrations,  of  the  two  moth  pests  which  are 
now  being  thus  imported.  The  publication  is,  therefore,  a  warning 
to  users  of  such  imported  stock  and  gives  descriptions  and  figures 
enabling  the  prompt  recognition  of  either  of  these  pests  wherever  they 
may  become  established. 

The  nonexistence  of  a  general  law  providing  for  the  reporting  of 
all  imported  stock  and 'for  uniform  and  thorough  inspection  and  dis- 
infection of  such  stock  makes  it  highly  desirable  that  the  information 
here  given  should  be  made  promptly  available  and  widely  distributed. 

I  recommend  its  publication  as  a  Farmer's  Bulletin. 
Respectfully, 

L.  O.  HOWARD, 
Entomologist  and  Chief  of  Bureau 

Hon.  JAMES  WILSON, 

Secretary  of  Agriculture. 
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DANGER  OF  GENERAL  SPREAD  OF  THE  GIPSY  AND 
BROWN-TAIL  MOTHS  THROUGH  IMPORTED  NURSERY 
STOCK.  

INTRODUCTION. 

Winter  nests  of  the  brown-tail  moth,  each  filled  with  hundreds  of 
young  larvae, 'and  occasional  egg  masses  of  the  gipsy  moth  have  been 
brought  into  the  United  States,  the  former  in  enormous  numbers,  dur- 
ing 1909-10  on  imported  nursery  stock,  and  the  importations  for  the 
season  of  191 1  are  again  bringing  in  these  brown- tail  moth  nests.  This 
infested  stock,  coming  largely  from  nurseries  in  northern  France,  has 
been  scattered  widely  over  the  United  States  east  of  the  Rocky  Moun- 
tains, and  while  every  effort  has  been  made  to  trace  these  importa- 
tions and  inspect  and  disinfect  them  the  probability  of  many  unre- 
ported  shipments  or  inefficient  inspection  is  very  great. 

A  general  warning  is  therefore  given  to  all  users  of  such  imported 
plant  stock,  namely,  to  nurserymen,  fruit  raisers,  and  purchasers  of 
ornamentals  for  city  or  park  planting,  to  keep  all  such  imported  stock 
under  strict  watch  to  see  that  these  pests  do  not  develop. 

As  an  aid  in  this  direction  this  bulletin  has  been  prepared.  It 
gives  a  record  of  the  infested  importations  of  the  past  two  years,  a 
review  of  the  nursery  conditions  in  Europe  showing  the  nature  of 
contamination  there,  and  a  brief  description,  with  illustrations,  of  the 
two  moth  pests  which  are  now  being  imported  and  widely  distributed. 

IMPORTATIONS   OF   INFESTED   NURSERY   STOCK    OF   1909-1911. 

Space  will  not  be  taken  to  give  the  details  of  the  shipment  and  dis- 
tribution of  infested  nursery  stock  during  these  years.  Some  idea  of 
the  situation  can  be  gained,  however,  from  the  following  brief  sum- 
mary of  importations,  drawn  largely  from  the  annual  reports  of  the 
Bureau  of  Entomology  by  Dr.  Howard  for  the  two  years  in  question. 

BROWN-TAIL  MOTH   NESTS   IMPORTED   IN    1909. 

Early  in  1909  it  was  discovered  that  nests  of  the  brown-tail  moth, 
filled  with  hundreds  of  small  hibernating  larvae,  were  being  introduced 
into  this  country  on  imported  European  nursery  stock — chiefly  from 
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northern  France — and  distributed  into  many  States.  These  brown- 
tail  moth  nests  were  first  reported  in  connection  with  a  consignment 
of  seedlings  shipped  from  Angers,  France,  to  New  York.  The  nests 
were  discovered  by  the  New  York  State  inspector,  and  the  informa- 
tion was  communicated  to  the  Bureau  of  Entomology  by  the  com- 
missioner of  agriculture  of  that  State. 

A  little  later  information  came  from  Ohio  that  the  winter  nests  of 
the  brown-tail  moth  had  been  found  on  seedlings  imported  into  that 
State  from  the  same  locality  in  France. 

Warning  letters  were  promptly  sent  out  by  Dr.  L.  O.  Howard,  chief 
of  the  Bureau  of  Entomology,  to  the  different  entomologists,  and  special 
arrangements  were  made  with  the  customs  office,  through  the  kindness 
of  the  Secretary  of  the  Treasury,  and  by  agreement  with  the  railroads,  so 
that  this  bureau  was  to  be  informed  of  all  cases  of  plants  received  at 
customs  or  subsequently  handled  by  the  principal  railroad  companies. 
By  this  means  the  receipt  and  ultimate  destination  was  ascertained 
of  much  of  the  imported  stock  of  that  year.  This  information  was 
transmitted  to  the  State  inspectors  and  other  competent  persons  near 
the  points  of  ultimate  destination  of  such  packages  and  an  effort  was 
made  to  have  all  such  imported  material  inspected. 

Information  was  secured  concerning  nearly  800  shipments,  divided 
among  35  different  States.  In  shipments  to  15  of  these  States, 
namely,  Alabama,  Georgia,  Illinois,  Iowa,  Kansas,  Kentucky,  Mary- 
land, Massachusetts,  Missouri,  Nebraska,  New  Jersey,  New  York, 
North  Carolina,  Ohio,  and  Pennsylvania,  nests  of  the  brown-tail  moth 
were  found,  ranging  in  number  from  one  nest  to  many  nests  in  each 
shipment.  These  brown-tail  nests — little  webbed  packets  of  leaves 
containing  the  very  small  hibernating  larvae  to  the  number  of  300  or 
400  in  each  nest — were  found  on  the  seedling  and  other  nursery  stock 
in  enormous  numbers,  some  7,000  nests  (approximately  2,800,000 
larvae)  being  found  in  shipments  to  New  York  State  alone. 

In  one  locality  in  Ohio  an  egg  mass  of  the  gipsy  moth  was  found 
and  Prof.  P.  J.  Parrott,  of  the  New  York  Experiment  Station,  at 
Geneva,  N.  Y.,  found  another  important  European  fruit  pest  (Hypo- 
nomeuta  padella),  which  had  probably  been  introduced  on  these 
same  French  seedlings. 

BROWN-TAIL  MOTH  NESTS  IMPORTED  IN   1910. 

In  view  of  the  dangerous  conditions  of  the  shipments  of  1909,  a 
strong  effort  was  made  on  the  part  of  Dr.  Howard  to  have  the  French 
authorities  provide  for  the  competent  inspection  and  disinfection  of 
material  preliminary  to  the  shipping  season  of  1910.  In  spite  oi 
promises  of  the  authorities  that  such  inspection  would  be  made,  the 
shipments  of  nursery  stock  from  France  in  1910  again  brought  to 
this  country  enormous  quantities  of  nests  of  the  brown-tail  moth, 
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filled  with  the  one-fourth  grown  larvae.  Moreover,  one  shipment  of 
nursery  stock  from  Belgium  to  Louisiana  contained  an  egg  mass  of  the 
gipsy  moth. 

All  of  this  imported  European  stock  was  again  followed  up  as  far 
as  possible  in  accordance  with  the  arrangement  of  the  previous  year 
with  the  customs  officers  and  by  agreement  with  the  railroads,  and 
all  reported  shipments  were  inspected  at  their  destination. 

Of  the  shipments  of  1910  not  less  than  291  different  lots  were 
found  to  be  infested  with  nests  of  the  brown-tail  moth.  These  went 
to  the  following  States:  Colorado,  Connecticut,  Georgia,  Illinois, 
Indiana,  Kansas,  Louisiana,  Michigan,  Montana,  New  Jersey,  New 
York,  Ohio,  and  Virginia. 

BROWN-TAIL  MOTH  NESTS   IMPORTED   IN   1911. 

As  a  result  of  a  thorough  investigation  of  European  conditions, 
which  will  be  described  later,  a  much  better  effort  during  the  last 
year  has  been  made,  notably  in  France  and  Belgium,  to  improve  the 
conditions  of  export  stock,  and  as  a  result  the  importations  of  the 
present  season  of  1911  so  far  have  shown  a  very  notable  improvement 
in  amount  of  infestation.  Nevertheless,  the  imported  stock  still 
shows  occasional  infestation,  and  such  infested  stock  is  being  widely 
distributed.  The  danger  as  the  infestation  becomes  less  general  is 
perhaps  just  as  great  or  even  greater  from  the  very  natural  lessening 
of  care  or  greater  haste  which  will  be  given  to  examinations,  and  one 
overlooked  nest  or  egg  mass  is  quite  sufficient  to  establish  these  pests. 

RECORDS  OF  DISTRIBUTION  OF  THE  IMPORTED  NURSERY 
STOCK  INCOMPLETE. 

Nursery  stock  imported  by  dealers  and  sent  direct  in  bond  to  des- 
tination is  probably  all  reported  and  subsequently  examined.  Much 
of  the  imported  nursery  stock  is,  however,  handled  by  customs 
brokers  or  receiving  agents  in  New  York,  and  the  different  packing 
cases  are  so  marked  that  these  distributing  agents  know  where  to 
send  them,  and  they  are  distributed  widely  over  the  country,  often 
in  bond,  without  being  examined  in  New  York,  and  often  without  any 
record  being  made  of  such  shipment  or  final  destination.  As  pointed 
out  by  Dr.  Howard  in  his  testimony  before  the  House  Committee  on 
Agriculture,  much  of  such  nursery  stock  which  enters  at  the  port  of 
New  York  and  is  thence  distributed  in  original  packages  the  Govern- 
ment has  been  able  to  trace  through  the  courtesy  of  the  railroads, 
in  addition  to  the  regular  arrangement  with  the  customs  office  to 
advise,  the  Department  of  Agriculture  on  the  receipt  of  such  stock. 
Nevertheless,  the  information  gained  from  the  customs  office  is  evi- 
dently incomplete,  as  very  often  the  railroad  companies  report  the 
handling  of  stock  of  which  no  advice  has  been  gained  by  the  customs 
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office,  and,  on  the  other  hand,  material  is  reported  by  the  customs 
office  which  is  not  reported  by  the  railroad  companies.  For  this 
reason  there  is  no  certainty  that  all  of  the  imported  stock  is  reported, 
and  undoubtedly  some  of  it  is  miscellaneously  distributed  and  never 
is  examined  at  all.  This  condition  of  affairs,  from  local  experience 
in  his  State,  was  strongly  brought  out  by  Dr.  J.  B.  Smith,  ento- 
mologist of  New  Jersey,  in  his  testimony  before  the  House  Commit- 
tee on  Agriculture. 

Dr.  Smith  also  called  attention  to  two  other  features  of  the  im- 
portation of  nursery  stock  which  have  an  important  bearing  on  the 
entrance  of  such  pests  as  the  gipsy  moth  and  the  brown-tail  moth. 
The  first  of  these  relates  to  the  importation  by  large  department 
stores  of  New  York,  Philadelphia,  and  Washington,  and  in  large 
interior  towns,  of  inferior  stock  of  ornamental  plants,  roses,  and  even 
fruit  trees,  massed  down  under  enormous  pressure  in  large  boxes, 
thousands  of  plants  in  a  single  case.  This  largely  worthless  and 
often  infested  stock  is  distributed  by  these  agencies  at  a  very  low 
price,  or  is  given  to  the  customers,  and  goes  in  small  parcels  here 
and  there  where  it  can  not  be  followed,  and  necessarily  entails  the 
greatest  risk  of  the  introduction  of  dangerous  pests  and  plant  dis- 
eases. It  is  almost  impossible  to  make  any  proper  examination  of 
such  material  even  when  its  importation  and  destination  are  reported. 
Some  of  these  shipments  contain  hundreds  of  thousands  of  plants, 
so  that  the  chances  of  overlooking  infestation  are  exceedingly  great. 

The  other  condition  referred  to  by  Dr.  Smith  is  the  importation 
by  private  persons,  owners  of  large  estates,  or  head  gardeners,  of 
greater  or  less  quantities  of  ornamental  and  floral  stock,  such  miscel- 
laneous importations  being  very  difficult  to  get  advice  of,  and  un- 
doubtedly many  of  them  are  never  reported  or  inspected. 

CONDITIONS   IN   THE   DISTRICT   OF   COLUMBIA. 

A  recent  and  very  undesirable  development  in  the  introduction  of 
foreign  nursery  stock  has  come  to  light  in  Washington,  D.  C.,  and 
probably  is  occurring  in  other  large  cities.  In  the  latter  part  of 
March  it  was  learned  that  a  large  shipment  of  miscellaneous  orna- 
mental stock  had  been  made  by  a  Dutch  nursery  firm  to  a  local 
auctioneer,  to  be  sold  under  the  hammer,  and,  on  the  authority  of  the 
auctioneer  in  question,  without  previous  arrangement.  This  new 
development  seems  to  have  arisen  from  an  experience  of  the  previous 
year  (1910),  where  a  shipment  of  stock  was  refused  by  the  consignee 
and  was  turned  over  to  this  same  auctioneer  for  sale.  The  results 
were  evidently  sufficiently  satisfactory  to  lead  the  Holland  firm  to 
make  the  shipment  of  stock  this  year  direct  to  the  auctioneer,  on  the 
chance  of  a  profitable  sale. 
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The  situation  in  the  District  of  Columbia  is  probably  the  worst 
in  the  United  States,  inasmuch  as  there  is  no  law  whatever  winch 
authorizes  the  examination  or  inspection  of  nursery  stock  imported 
into  the  District.  Examination  of  stock  imported  by  local  depart- 
ment stores,  by  nurserymen,  and  that  sent  for  auction,  as  noted  above, 
can  be  made  only  by  officials  of  the  Department  of  Agriculture 
through  the  courtesy  of  these  different  receivers  of  such  stock.  Very 
often  such  courtesy  is  scant,  or  refusal  is  made  to  open  up  the  stock 
or  separate  it  so  that  it  can  be  properly  examined.  Such  stock, 
when  reported,  has,  however,  been  as  thoroughly  inspected  as  con- 
ditions permitted.  It  is  sold  to  a  multitude  of  purchasers,  many  of 
whom  reside  in  near-by  points  in  Virginia  and  Maryland,  and  thus 
finds  entry  into  these  States  without  the  knowledge  of  the  State 
officials. 

NATURE   OF  INSPECTION  AND   LIKELIHOOD   OF  LOCAL 
INFESTATION. 

As  already  indicated,  the  principal  function  of  the  Bureau  of 
Entomology  has  been  to  get  as  complete  information  of  importations 
as  possible  and  transmit  this  information  to  the  State  inspectors, 
where  such  existed,  of  the  several  States.  In  some  instances, 
where  no  local  means  of  inspection  was  available,  the  imported 
material  was  inspected  directly  by  agents  of  this  bureau.  In  most 
of  the  States  receiving  infested  goods  the  inspection  made  was  con- 
scientious and  thorough.  In  some  instances,  however,  the  inspection 
was  undoubtedly  indifferent  or  worthless.  This  is  illustrated  by  the 
fact  that  material  received  by  a  large  Missouri  nurseryman,  and  on 
his  own  statement  "  carefully  inspected/'  was  reshipped  by  him  to 
Maryland,  still  infested  with  the  brown-tail  moth. 

The  condition  of  the  imported  nursery  stock  is  such  as  to  make 
inspection  difficult  and  also  to  render  it  practically  impossible  to 
be  absolutely  sure  that  the  inspection  has  resulted  in  the  detection 
and  destruction  of  all  larvse.  The  nests  themselves  are  sufficiently 
prominent  to  be  easily  seen  if  the  masses  of  thousands  of  plants 
in  a  case  are  properly  separated  so  that  each  can  be  given  indi- 
vidual examination.  This  means,  however,  a  lot  of  time  and  abso- 
lute conscientiousness  on  the  part  of  the  inspector. 

Many  of  the  nests,  however,  in  the  process  of  packing  and  unpack- 
ing become  broken  and  the  minute  larvae  are  scattered  more  or  less 
through  the  seedling  stock  and  also  in  the  packing  material.  Under 
these  conditions,  the  chance  of  larvae  being  overlooked  by  the 
inspector  is  very  great.  It  by  no  means  follows,  therefore,  that 
even  where  material  is  located  and  inspected  the  brown-tail  moth 
and  perhaps  other  pests  have  not  been  introduced.  Furthermore, 
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the  unpacking  is  done,  in  many  nurseries,  in  the  open,  in  close 
proximity  to  growing  nursery  or  ornamental  stock,  and  the  pack- 
ing straw  and  wrappings  are  piled  about  and  touching  growing  or 
heeled-in  trees,  so  that  plenty  of  oppqrtunity  may  exist  for  the 
moth  larvae,  in  such  packing  material  or  otherwise  scattered,  to 
find  lodgment  and  opportunity  for  development. 

There  is  also,  in  addition  to  the  difficulties  experienced  in  actual 
inspection,  the  very  large  risk,  already  indicated,  that  many  ship- 
ments are  not  inspected  at  all. 

The  fact  that  the  brown-tail  moth  or  any  other  pest  does  not 
develop  immediately  in  the  regions  where  these  infested  shipments 
are  opened  is  no  indication  that  such  pests  have  not  been  intro- 
duced and  that  they  will  not  eventually  become  established.  When 
in  very  scanty  numbers,  they  are  inconspicuous  enough  to  be  easily 
overlooked  for  a  number  of  years,  as  was  illustrated  in  the  case 
of  the  gipsy  moth  near  Boston,  which  remained  slowly  increasing 
for  over  20  years  before  it  came  to  public  notice.  The  brown-tail 
moth,  brought  in  on  roses,  probably  from  Holland,  about  1890, 
also  had  become  thoroughly  established  over  quite  a  large  area 
before  it  was  recognized,  in  1897,  as  a  new  pest.  The  latter  case 
is  all  the  more  instructive  because  the  brown-tail  moth  was  devel- 
oping in  the  very  region  which  was  then  being  thoroughly  exam- 
ined every  year  for  the  gipsy  moth.  It  may  well  be  possible,  there- 
fore, that  either  the  brown-tail  moth  or  the  gipsy  moth  is  now  slowly 
gaming  headway  at  different  points  in  one  or  more  States  as  a  result 
of  the  shipments  of  infested  material  of  1909  and  1910. 

SIGNIFICANCE  OF  IMPORTATIONS  OF  1909-1911. 

It  is  scarcely  necessary  to  comment  on  the  tremendous  danger 
which  the  importations  of  nursery  stock  of  the  last  three  seasons 
have  brought  to  this  country.  The  enormous  cost  of  the  gipsy 
moth  and  the  brown-tail  moth  in  New  England  is  now  well  known. 
Throughout  the  infested  districts  of  New  England  orchards  have 
been  completely  destroyed  and  forests  largely  obliterated,  and  even 
where  woodlands  and  parks  have  been  protected  at  an  enormous 
expense  their  beauty  and  value  have  been  vastly  lessened. 

Massachusetts  has  spent  millions  of  dollars  in  an  effort  to  control 
these  pests,  and  with  their  spread  to  other  States  the  work  of  con- 
trol has  been  taken  up  in  these  also.  The  National  Government 
has  been  asked  to  come  to  the  rescue,  and  is  now  appropriating 
$300,000  a  year  in  the  mere  attempt  to  check  the  distribution  of 
these  pests  along  the  principal  highways.  Massachusetts  and  the 
other  infested  New  England  States  are  now  spending  more  than 
a  million  dollars  a  year  in  control  work.  In  spite  of  these  efforts 
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and  this  enormous  expenditure  the  gipsy  moth  and  the  brown-tail 
moth  are  steadily  spreading  in  New  England  and  great  damage  is 
experienced  from  them  yearly.  Extermination  is  entirely  out  of 
the  question,  and  all  these  expenditures  must  go  on  indefinitely  at 
a  probably  increasing  rate,  unless  some  natural  check  by  means  of 
parasites  can  be  brought  about. 

In  addition  to  the  great  destructiveness  of  these  pests  to  orchards 
and  forests,  their  establishment  in  any  suburban  residential  district 
means  an  enormous  depreciation  in  property  values,  as  is  now  illus- 
trated about  the  city  of  Boston,  and  very  notably  lessens  the  attrac- 
tiveness of  coast  or  mountain  summer  resorts.  The  north  shore 
towns  of  Massachusetts  and  lower  Maine  resorts  have  already  felt  this 
influence,  and  for  such  regions  as  the  Catskills  or  Adirondacks  the 
establishment  of  these  pests  would  be  most  disastrous,  inasmuch  as 
control  over  such  extended  forested  mountains  is  practically  impos- 
sible. 

When  it  is  realized  that  these  two  pests  have  been  widely  distributed, 
on  imported  nursery  stock,  in  22  States  during  the  years  of  1909  and 
1910,  and  are  now  coming  in  on  imported  stock  from  France  and 
Belgium,  the  danger  to  the  whole  country  is  fully  apparent,  and  this 
danger  applies  to  every  orchard  and  to  every  owner  of  private  grounds 
and  also  to  our  entire  forest  domain.  The  tax  from  these  pests,  should 
they  gain  foothold  throughout  the  country,  as  measured  by  the  existing 
cost  in  New  England,  is  almost  beyond  estimate. 

EFFECT   OF   THE   BROWN-TAIL  MOTH   ON  HEALTH. 

In  addition  to  the  great  monetary  loss,  the  brown-tail  moth  exercises 
a  very  deleterious  effect  on  health.  The  hairs  which  cover  the 
caterpillars  of  this  moth  are  strongly  nettling,  and  not  only  are  they 
so  from  accidental  contact  with  a  caterpillar  which  may  fall  on 
clothes,  face,  neck,  or  hands  from  an  infested  tree,  but  also  from  the 
myriads  of  hairs  which  are  shed  by  these  caterpillars  when  they  trans- 
form to  the  chrysalis  state.  The  latter  fall  and  find  lodgment  on 
clothing,  or  collect  on  the  face,  neck,  or  hands,  and  frequently  cause 
very  disagreeable  and  extensive  nettling,  the  effects  of  which  may  last 
for  months.  Breathed  into  the  lungs  they  may  cause  inflammation 
and  become  productive  of  tuberculosis.  The  brown-tail  rash  is  well 
known  throughout  the  regions  infested  in  New  England  and  thou- 
sands have  suffered  from  it.  All  of  the  assistants  who  have  been 
connected  with  the  Government  work  with  these  pests  in  the  New 
England  States  have  been  seriously  poisoned.  Two  of  them  have  had 
to  give  up  their  work  and  go  to  the  Southwest  to  attempt  to  recover 
from  pulmonary  troubles  superinduced  by  the  irritating  hairs  of  the 
brown-tail  moth,  and  the  death  of  one  man  employed  on  the  work  was 
due  to  severe  internal  poisoning  contracted  in  field  work  against  larvae. 
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This  insect  is,  therefore,  a  most  undesirable  neighbor,  even  if  it  were 
not  responsible  for  great  injury  to  orchards  and  ornamental  trees. 

CHARACTER  AND  VALUE  OF  IMPORTED  NURSERY  STOCK. 

The  actual  value  of  the  importations  of  nursery  stock  which  is 
thus  jeopardizing  the  entire  fruit  and  forest  interests  of  this  country, 
as  declared  at  customs  during  the  years  1907  and  1908,  of  which  we 
have  tabulated  records,  is  about  $350,000  annually,  but  little  more 
than  the  sum  which  the  United  States  Government  is  spending  every 
year  in  an  endeavor  to  eliminate  the  spread  of  the  gipsy  moth  and  the 
brown-tail  moth,  and  one-third  the  sum  which  the  New  England 
States  are  spending  annually  in  an  attempt  to  control  these  pests. 

The  major  part  of  the  imported  stock  consists  of  seedling  apple, 
pear,  plum,  and  cherry  from  north  France.  There  is  also  consid- 
erable importation  of  ornamental  and  flowering  plants,  shrubs,  and 
trees*  The  latter  is  purely  commercial,  and  comes  in  very  largely 
for  the  reason  that  it  can  be  produced  more  cheaply  abroad  than  in 
this  country.  Of  the  seedling  stock,  it  is  claimed  by  nurserymen 
that  the  imported  plum,  cherry,  and  quince  stock  particularly  is 
much  better  material  for  grafting  purposes  than  home-grown  seed- 
lings. In  the  case  of  the  apple  seedlings,  however,  the  great  mass 
of  such  stock  is  still  produced  in  this  country  and  can  undoubtedly 
be  just  as  well  produced  here,  if  not  better,  than  in  France  or  else- 
where in  Europe. 

The  stock  of  the  last  two  years  which  has  been  most  infested  has 
come  from  northern  France,  accumulated  from  various  smaller  or 
larger  nurseries,  including  a  French  seedling  agency,  managed  by 
an  American  corporation  composed  largely  of  New  York  nurserymen. 

If,  as  is  claimed,  some  of  this  seedling  stock  is  better  than  any  that 
can  be  produced  in  this  country,  it  becomes  all  the  more  imperative 
that  such  stock,  or  all  imported  stock,  should  be  subject  to  rigid 
inspection,  and  that  every  possible  means  should  be  taken  to  safe- 
guard this  country  from  the  further  establishment  of  these  two  very 
dangerous  insect  pests. 

EUROPEAN  NURSERY  CONDITIONS. 

During  the  summer  of  1909,  and  also  again  in  1910,  Dr.  Howard, 
who  was  in  Europe  principally  to  supervise  the  introduction  of 
parasites  for  the  gipsy  and  brown-tail  moths  into  Massachusetts, 
made  a  careful  inspection  of  the  nursery  regions  of  Holland,  Bel- 
gium, and  northern  France,  and  also  England. 

The  writer  was  in  Europe,  on  a  personal  trip,  in  the  summer  of 
1909,  and  made  an  examination  of  similar  conditions  in  Holland, 
Belgium,  and  parts  of  Germany. 
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Holland  probably  presents  the  cleanest  bill  of  health  in  the  matter 
of  insect  pests,  and  particularly  of  the  gipsy  moth  and  brown-tail 
moth.  This  country  enjoys  a  good  inspection  service,  and  all  Dutch 
nurseries  are  carefully  inspected  twice  each  year,  so  there  is  proba-< 
bly  less  danger  now  from  shipments  from  Holland  than  from  any 
other  country. 

Belgium,  in  1909,  was  in  very  bad  condition,  and  the  writer  found 
the  brown-tail  moth  more  abundant  there  than  he  had  ever  seen  it, 
hedge  rows  often  being  plastered  with  the  winter  nests.  One  such 
row  the  writer  noted  was  only  a  few  miles  from  the  border  of  Hol- 
land and  within  easy  flight  of  the  moths  to  large  Dutch  nurseries. 
Belgium  has,  however,  since  September,  1909,  established  an  inspec- 
tion service,  applying  only  to  nurseries  exporting  to  America  and 
limited  to  field  examination,  twice  yearly,  of  growing  stock.  While 
a  distinct  improvement,  the  inspection  as  indicated  is  still  inade- 
quate, as  shown  by  much  infested  stock  still  coming  to  this  country 
under  official  certificate. 

In  France,  in  1909,  Dr.  Howard  found  no  governmental  inspec- 
tion system  of  nurseries.  The  certificates  attached  to  shipments 
of  nursery  stock  received  in  this  country  from  France  were  signed, 
as  a  rule,  by  men  connected  with  agricultural  schools,  and  probably 
in  the  case  of  most  of  the  certificates  the  stock  had  never  been  seen 
by  the  expert.  The  general  infestation  of  the  stock  coming  from 
France  to  this  country  during  the  last  two  years  made  it  abundantly 
plain  that  these  certificates  were  absolutely  valueless. 

Dr.  Howard  found  that  nursery  stock  for  export  was  in  many 
cases  grown  in  the  vicinity  of  hedges  and  trees  infested  with  the 
brown-tail  moth  and  gipsy  moth  and  other  injurious  insects  not  yet 
introduced  into  the  United  States,  and  no  special  precautions  were 
being  taken  by  the  nurserymen  to  prevent  the  infestation  of  export 
stock  by  injurious  insects.  The  brown-tail  moth  nests  are  so  char- 
acteristic and  noticeable  that  it  is  only  by  absolute  indifference  on 
the  part  of  French  exporters  that  they  are  packed  for  shipment 
without  removal. 

As  a  result  of  the  agitation  of  1909,  the  French  exporters  promised 
to  take  all  possible  precautions,  and  the  French  ministry  of  agri- 
culture promised  to  found  a  governmental  inspection  service.  The 
Chamber  of  Deputies,  however,  failed  to  pass  the  inspection  law 
proposed  by  the  ministry  of  agriculture,  and,  as  already  noted,  the 
condition  of  the  "inspected  material"  of  1910  was  no  better  than 
in  the  previous  year. 

The  director  of  agriculture  of  France,  however,  continued  to  urge 
the  need  of  a  plant-inspection  service  for  export  nursery  stock,  and 
early  in  November  of  1910  this  department  was  advised,  through 
the  Department  of  State  and  the  ambassador  of  France  to  the  United 
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States,  of  the  final  establishment  of  such  service.  Later  the  details 
of  the  law  were  communicated  to  Dr.  Howard  by  Dr.  Paul  Marchal, 
who  is  charged  with  its  execution. 

Dr.  MarchaFs  high  reputation  gives  a  guarantee  of  thoroughness, 
and  a  great  improvement  has  actually  taken  place  in  the  condition 
of  the  nursery  stock  coming  from  France.  The  rank  infestation  of 
1909-10  has  given  place  to  moderate  infestation  of  1911,  but  there 
is  still  decided  room  for  betterment. 

In  England  Dr.  Howard  found  that,  as  in  France,  there  was  no 
governmental  nursery  inspection.  The  nursery  conditions  there  are 
somewhat  better  than  in  France,  but  the  brown-tail  moth  and  other 
injurious  insects  which  might  easily  be  imported  on  nursery  stock 
occur  in  England.  The  officials  of  the  Government  had  the  estab- 
lishment of  a  governmental  inspection  service  under  consideration, 
and  were  willing  to  establish  such  a  service,  but  stated  that  the 
demand  for  it  must  come  from  British  nurserymen.  An  attempt  was 
therefore  made  by  Dr.  Howard  to  get  these  interests  to  ask  for  such 
service,  and,  while  no  action  has  yet  been  taken,  it  seems  probable 
that  the  English  Government  will  move  in  this  direction. 

IMPORTATION   OF   REFUSE   STOCK, 

The  fact  that  all  the  continental  countries  of  Europe  have  enacted 
very  strict  inspection  and  quarantine  laws  relating  to  the  entrance 
into  their  territories  of  nursery  stock,  or  other  living  plant  materials, 
operates  very  unfavorably  for  this  country,  where  there  is  no  bar  to 
the  entrance  of  any  stock,  however  worthless,  or  insect-infested,  or 
diseased.  As  a  result,  the  United  States  receives,  in  addition  to 
fairly  good  nursery  stock  brought  in  by  reliable  importers,  a  great 
mass  of  refuse  stock,  imported  under  the  worst  conditions,  massed 
in  vast  quantities  in  large  packing  cases,  at  best  in  poor  condition 
and  often  diseased  or  insect-infested.  The  United  States  thus 
becomes  a  sort  of  dumping  ground  for  material  which  could  not  find 
sale  in  Europe.  Much  of  this  worst-quality  stock  is  that  referred  to 
elsewhere  as  being  imported  by  department  stores  of  our  larger  cities, 
and  also  by  unscrupulous  nurserymen  who  are  careless  of  their 
own  reputations  and  the  interests  of  their  customers. 

NECESSITY  OF  QUARANTINE   LEGISLATION. 

The  necessity  of  National  quarantine  to  prevent  the  general  intro- 
duction of  such  dangerous  insect  pests  as  those  discussed  in  this 
bulletin,  and  also  of  equally  dangerous  plant  diseases,  has  long  been 
recognized. 

The  need  of  legislation  is  much  increased  by  the  fact  that  the 
United  States  is  the  only  great  power  without  protection  from  the 
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importation  of  insect-infested  or  diseased  plant  stock.  Referring 
to  European  powers  only,  Austria-Hungary,  France,  Germany,  Hol- 
land, Switzerland,  and  Turkey  prohibit  absolutely  the  entry  from 
the  United  States  of  all  nursery  stock  whatever.  Furthermore,  our 
fruits  are  admitted  to  these  countries  only  when  a  most  rigid  exami- 
nation shows  freedom  from  insect  infestation.  Most  of  the  other 
European  countries  have  strict  quarantine  and  inspection  laws,  and 
the  same  is  true  of  important  English  and  other  colonial  possessions. 

A  properly  enforced  quarantine  inspection  law  in  the  past  would 
have  excluded  many,  if  not  most,  of  the  foreign  insect  enemies  which 
are  now  levying  an  enormous  tax  upon  the  products  of  the  farms, 
orchards,  and  forests  of  this  country.  Fully  50  per  cent  of  the  insect 
pests  in  this  country  are  of  foreign  origin,  and  new  important  foreign 
pests  are  becoming  established  practically  every  year. 

It  is  of  the  greatest  importance,  therefore,  that  an  adequate  inspec- 
tion and  quarantine  law  be  passed  at  the  earliest  moment. 

BRIEF   DESCRIPTION    OF   THE    DIFFERENT    STAGES    OF   THE 
GIPSY   AND   BROWN-TAIL   MOTHS. 

THE   GIPSY  MOTH. 

The  gipsy  moth  (Porthelria  dispar  L.)  is  an  European  pest  which 
was  accidentally  introduced  into  Massachusetts  nearly  40  years  ago, 
and  has  since  spread  rather  slowly,  being  still  confined  to  the  eastern 
part  of  Massachusetts  and  Rhode  Island,  the  southern  part  of  New 
Hampshire,  and  to  more  or  less  isolated  localities  in  eastern  Connect- 
icut and  southwestern  Maine. 

The  presence  of  this  insect  was  first  discovered  in  Boston  in  1889, 
and  the  State  of  Massachusetts  for  a  number  of  years  kept  up  a 
vigorous  effort  to  exterminate  the  insect,  making  large  appropriations 
therefor.  This  work  was  abandoned,  however,  in  1900,  but  the  con- 
ditions soon  became  so  bad  that  appropriations  were  again  made  in 
1905,  and  have  since  been  continued  annually.  In  spite  of  the  work 
of  that  State,  the  situation  became  so  serious  that  the  National  Gov- 
ernment, particularly  on  the  ground  of  the  great  danger  that  these 
pests  would  soon  spread  to  other  States,  was  called  upon  to  assist, 
and  since  1907  Congress  has  been  making  annual  appropriations  to 
aid  in  the  work  of  control.  The  amount  of  this  appropriation  is  now 
$300,000  annually. 

The  destructive  work  of  the  gipsy  moth  has  been  referred  to  in 
the  foregoing  portions  of  this  bulletin.  A  brief  sketch  is  here  given 
of  the  life  history  and  habits  of  the  insect  with  photographs  to  aid 
anyone  in  promptly  recognizing  it  should  it  appear  in  new  localities. 

The  gipsy  moth  has  a  wide  distribution  throughout  middle  and 
southern  Europe,  northern  Africa,  and  Asia,  including  Japan.  In  a 
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large  portion  of  the  Old  World  range  of  the  gipsy  moth  it  is  occasion- 
ally abundant  and  injurious,  but  as  a  rule  it  is  held  in  check  by 
parasites  and  natural  enemies,  and  in  no  instance  have  there  been 
such  continuous  and  disastrous  depredations  as  those  exhibited  in 
Massachusetts  and  more  recently  in  the  adjacent  New  England 
States.1 

European  outbreaks  usually  terminate  in  two  or  three  years. 
Nevertheless  in  recent  years  in  Europe  and  Asia  exceptional  out- 
breaks have  occurred  in  which  thousands  of  acres  of  forests  have 
been  completely  denuded,  and  where  such  denudation  has  been 
repeated  for  two  or  three  years  in  succession  enormous  areas  have 
been  found  covered  with  dead  and  dying  trees. 

The  following  description  of  the  different 
stages  and  habits  of  the  insect  is  reproduced 
from  Farmers'  Bulletin  275  (pp.  12  to  15) : 

Description  of  the  different  stages  of  the  insect. 

The  eggs. — The  eggs  of  the  gipsy  moth  are  laid  in 
masses  (fig.  1)  of  about  500.  The  individual  egg  is  mi- 
nute, about  the  size  of  a  pinhead,  and  is  salmon-colored 
when  first  laid,  but  turns  dark  in  the  course  of  a  few 
weeks.  Each  egg  mass  is  yellowish  in  appearance  and 
seems  covered  with  hair.  It  is  somewhat  oval,  being 
one-half  of  an  inch  long  and  about  three-fourths  of  an 
inch  wide.  During  winter,  from  exposure  to  moisture 
in  the  atmosphere,  it  becomes  dingy  white  in  color. 
Egg  masses  have  been  found  on  bark  of  imported  stock 
during  the  last  two  years,  and  inspectors  should  be  on 
the  lookout  for  them. 

The  larva,  or  caterpillar. — The  young  larvae  or  young 
caterpillars  are  dark  in  color  and  well  furnished  with 
dark  hairs.  The  full-grown  larva  (fig.  2)  is  between  2 
and  3  inches  long,  dark  brown  or  sooty  in  color,  with 
two  rows  of  red  spots  and  two  rows  of  blue  spots  along 
the  back,  and  with  a  yellowish  but  rather  dim  stripe  between  them.  The  body  gen- 
erally is  clothed  with  long  hairs,  and  sometimes  reaches  the  length  of  3  inches. 

The  pupa. — The  pupa  (fig.  3)  is  not  inclosed  within  a  perfect  cocoon,  but  the  full- 
grown  larva  spins  a  few  threads  of  silk  as  a  sort  of  support  and  changes  to  the  pupa, 
which  is  dark  reddish  or  chocolate  in  color  and  very  thinly  sprinkled  with  light  reddish 
hairs. 

The  adult,  or  moth. — The  male  moth  (fig.  4)  is  brownish  yellow  in  color,  sometimes 
having  a  greenish-brown  tinge;  it  has  a  slender  body,  well-feathered  antennae,  and  a 
wing  expanse  of  about  an  inch  and  a  half.  The  forewings  are  marked  with  wavy  zigzag 
darker  lines.  It  flies  actively  all  day  as  well  as  by  night. 

The  female  moth  (fig.  5)  is  nearly  white,  with  slender  black  antennae,  each  of  the  fore- 
wings  marked  with  three  or  four  zigzag,  transverse,  dark  lines,  and  the  outer  border  of 
both  pairs  of  wings  with  a  series  of  black  dots.  The  body  of  the  female  is  so  heavy  as  to 
prevent  flight. 

i  For  a  more  detailed  account  of  the  gipsy  moth,  see  Farmers'  Bulletin  No,  275  (1907)  and  Bulletin  87 
(1910),  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture. 
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FIG.  1.— Egg  mass  of  the  gipsy 
moth  (Porthetriadispar).  (From 
Kirkland.) 
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Seasonal  History. 

The  moths  emerge  from  the  pupae  from  the  middle  of  July  to  the  middle  of  August, 
the  date  varying  considerably  according  to  the  season.  After  mating  they  live  but  a 
short  time,  and  the  female  dies  after  depositing  her  eggs. 

The  eggs  are  laid  therefore  in  July  and  August.  They  are  deposited  by  the  moths 
on  the  trunks  of  the  trees  upon  which  the  caterpillars  have  lived,  and  in  fact  usually 
in  the  vicinity  of  the  place  where  the  female  has  transformed.  The  caterpillars  before 
transforming  frequently  crawl  for  some  distance  from  the  trees  upon  which  they  have 
been  feeding,  and  it  therefore  happens  that  the  egg  masses  will  be  found  on  fences  and 
in  all  sorts  of  protected  situations  in  which  the  caterpillars  hide  during  the  day.  The 
crevices  in  stone  fences  often  contain  very  many  of  these  egg  masses,  and  knot  holes 
in  old  trees  will  also  contain  many  which  would  not  at  first  be 
discovered.  The  egg  masses  are  found  also  in  hollow  trees,  in 
crevices  under  rough  bark,  on  shrubbery,  on  buildings,  in  wood- 
piles, in  barrels,  in  boxes,  and  among  rubbish  in  dooryards. 
The  moths  seem  to  choose  the  inner  or  lower  surface  of  an  object 
upon  which  to  lay  their  eggs,  and  therefore  egg  masses  are  placed 
out  of  sight  perhaps  as  often  as  in  sight. 

The  eggs  hatch  about  May  1,  and  the  young  caterpillars  begin 
immediately  to  feed,  usually  upon  the  lower  surfaces  of  the 
leaves.  As  they  grow  they  cast  their  skins  several  times,  and 
as  they  become  larger  they  feed  only  at  night,  hiding  during  the 
daytime,  usually  in  clusters  on  the  shady  side  of  tree  trunks, 
beneath  large  limbs,  in  holes  in  trees,  under  loose  bark,  and  in 
fact  under  any  near-by  shelter.  It  is  the  habit  of  most  of  them 
to  descend  before  daybreak  upon  the  trunks  of  the  trees  and  to 
seek  for  such  shelters  as  those  just  indicated,  returning  after 
nightfall  to  resume  their  nocturnal  feeding. 

The  larvae  usually  become  full  grown  about  the  1st  of  July, 
and  then  transform  to  pupae.  The  pupae  are  found  in  the  same 
situations  as  those  we  described  for  the  egg  clusters,  but  are 
found  also  in  the  foliage  of  trees  and  shrubs. 


How  the  Insect  Spreads. 


FIG.  2.— Full-grown 
caterpillar  of  the 
gipsy  moth.  Nat- 
ural size.  (From 
Insect  Life.) 


As  indicated  above,  the  bodies  of  the  females  are  so  heavy 
as  to  prevent  flight.  Therefore  the  insect  must  be  principally 
distributed  while  in  the  caterpillar  or  larval  condition.  The  cat- 
erpillars are  active  crawlers,  but  as  a  rule  do  not  migrate  from  the 
localities  where  they  were  born  except  when  food  is  scarce.  When  young,  and  when 
there  is  hardly  enough  food,  the  larvae  spin  down  from  trees  by  means  of  silken  threads 
and  often  alight  upon  vehicles  of  one  kind  or  another,  and  are  thus  carried  often  for 
great  distances  from  the  place  of  birth.  Trolley  cars,  carriages,  automobiles,  and  bicy- 
cles are  thus  means  of  transportation  almost  unlimited  in  their  possibilities.  The 
caterpillars  often  crawl  upon  vehicles  which  happen  to  stand  for  any  length  of  time  in 
an  infested  locality,  and  thus  may  be  carried  great  distances.  Sometimes  even  pe- 
destrians aid  unwittingly  in  this  distribution,  since  the  caterpillars  may  drop  by  their 
threads  upon  the  garments  of  a  person  passing  under  an  infested  tree. 

The  species  may  be  transported,  too,  in  the  egg  stage  on  nursery  or  ornamental 
stock,  as  already  noted,  and  it  has  been  shown  that  the  egg  clusters  are  laid  upon  many 
different  kinds  of  objects.  Cord  wood  stacked  and  piled  may  be  carried  away  in  the 
autumn  bearing  many  egg  masses,  and,  if  not  burned  before  summer,  larvae  may  issue 
in  a  new  locality.  The  same  may  be  said  for  lumber  piles  near  infested  trees.  Freight 
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cars  may  have  been  sidetracked  near  an  infested  place  long  enough  to  permit  laying 
of  the  eggs  upon  them. 

It  is  by  these  methods  that  the  comparatively  rapid  spread  of  the  insect  previously 
noticed,  during  the  years  1900-1905,  is  to  be  explained. 

Damage  to  Plants. 

The  larva  of  the  gipsy  moth  feeds  upon  the  foliage  of  practically  all  orchard  trees, 
all  shade  and  ornamental  trees,  all  out-of-door  shrubs,  and  all  forest  trees.  Not  only 
are  the  deciduous  forest  trees  stripped,  but  the  coniferous  trees  as  well.  In  June  and 
July  patches  of  forests  in  the  infested  territory  are  stripped  of  every  green  leaf  and 
the  trees  appear  as  bare  as  in  winter.  After  several  such  consecutive  strippings, 
deciduous  forest  and  shade  trees  are  killed,  but  with  a  coniferous  tree,  such  as  a  pine, 
hemlock,  or  spruce,  one  complete  stripping  will  cause  death.  It  is  this  fact  which 
makes  the  gipsy  moth  so  much  more  serious  a  pest  than  the  brown -tail  moth,  and 
the  loss  which  will  result  from  its  spread  into  northern  New  England  will  be  very 
great,  owing  to  the  enormous  coniferous  forest  interests  in  that  part  of  the  country. 

In  cities  and  towns  the  insect  does  damage  not  only  by  destroying  all  vegetation, 
but  byewarming  in  numbers  upon  and  about  houses,  frequently  entering  them.  It 

has  been  the  experi- 
ence in  eastern  Mas- 
sachusetts that  where 
a  locality  be  c  o  m  e  s 
thoroughly  infested 
the  value  of  real  es- 
tate rapidly  depreci- 
ates, and  it  becomes  a 
matter  of  difficulty  to 
rent  or  sell  property. 
Among  its  food 
plants  the  gipsy  moth 
caterpillar  seems  to 
FIG.  3.— Pupa  of  the  gipsy  moth.  Natural  size.  (From  Insect  Life  >  prefer  apple,  white 

oak,  red  oak,  willow, 

and  elm,  but  those  who  have  studied  it  most  carefully  in  Massachusetts  say  that 
it  will  on  occasion  devour  almost  every  useful  grass,  plant,  flower,  shrub,  vine,  bush, 
garden,  or  field  crop  that  grows  in  the  State. 

THE   BROWN-TAIL  MOTH. 

The  brown-tail  moth  (Euproctis  chrysorrhwa  L.)  was  imported  by 
a  florist  in  Somerville,  a  suburb  of  Boston,  about  20  years  ago, 
probably  on  roses  from  Holland  or  France.  Its  presence  was  not 
discovered  until  1897,  when  it  had  already  gained  such  headway  that 
extermination  was  out  of  the  question.  Since  1907  it  has  rapidly 
spread,  and  its  range  now  includes  much  of  the  coastal  area  of  New 
England,  including  eastern  Rhode  Island,  the  eastern  half  of  Massa- 
chusetts, the  eastern  half  of  New  Hampshire,  and  the  southern  half 
of  Maine.  Both  sexes  are  strong  fliers,  and  the  prevailing  winds  dur- 
ing the  flying  season  (July)  have  carried  the  insect  northward  and 
eastward,  rather  than  southward  and  westward.  Moths  of  this 
species  have  been  taken  as  far  away  from  Boston  as  St.  Johns,  New 
Brunswick. 
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FIG.  4.— Male  gipsy  moth.     Slightly  en- 
larged.    (From  Insect  Life). 


This  insect  is  a  very  serious  enemy  of  orchard,  forest,  and  shade 
trees  and  all  ornamental  shrubbery.  In  Europe  it  has  a  wide  dis- 
tribution, extending  from  England  to  the  Himalayas,  and  as  far 
north  as  Sweden  and  as  far  south  as  Algeria.  It  is  a  well-known 
orchard  pest,  and  for  many  years  laws  have  been  operative  in  Europe 
requiring  the  property  owners  to  clear 
their  trees  of  the  hibernating  nests  of 
this  insect  in  winter. 

The  damage  to  trees  and  shrubs  by 
this  insect  is  often  very  severe.  It  has 
a  special  liking  for  pear  and  apple,  but 
has  a  recorded  list  of  over  80  different 
food  plants.  Thousands  of  fruit  trees 
in  the  vicinity  of  Boston  have  been  killed  by  this  insect,  and  serious 
injury  has  been  done  to  woodlands  and  forests,  not,  however,  equal- 
ing the  damage  by  the  gipsy  moth.  It  does  not  seem  to  attack 
coniferous  trees. 

One  of  the  most  serious  results  of  the  presence  of  the  brown-tail 
is  the  poisoning  of  human  beings  by  the  hairs  shed  by  the  caterpillars, 
discussed  in  an  earlier  paragraph  of  this  publication  (p.  11). 

The  following  description  of  the  different  stages  of  the  insect  and 
its  seasonal  history  is  taken  from  Farmers'  Bulletin  264,  which  gives 
a  general  account  of  this  pest,  with  general  methods  of  controlling  it.1 

Description  of  the  Different  Stages  of  the  Insect. 

The  eggs. — The  eggs  of  the  brown-tail  moth  are  small  and  globular,  and  are  laid 
in  masses  on  the  underside  of  leaves  in  the  latter  part  of  July.  The  egg  masses  are 

brown  in  color  and  are  covered 
with  hair,  each  mass  contain- 
ing about  300  eggs.  They  are 
much  smaller  than  the  egg 
masses  of  the  gipsy  moth,  with 
which  they  are  most  likely  to 
be  confused,  and  average 
about  two-thirds  of  an  inch  in 
length  by  abou,t  one-fourth  of 
an  inch  in  width.  They  are 
thus  elongate  in  form,  and  are 
convex. 

The  larva,  or  caterpillar. — 
The  full-grown  larva  (fig.  6  at 
right)  is  about  2  inches  long, 
reddish  brown  in  color,  with 
a  broken  white  stripe  on  each  side  and  two  red  dots  on  the  back  near  the  hind  end. 
It  carries  also  patches  of  orange  and  is  covered  with  tubercles  bearing  long  barbed 
hairs.  The  tubercles  along  the  back  and  sides  are  covered  with  short  brown  hairs  in 

i  For  a  full  account  of  the  brown-tail  moth  see  Farmers'  Bulletin  264  (1906)  and  Bulletin  87  (1910), 
Bureau  of  Entomology,  U.  S.  Department  of  Agriculture. 
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FIG.  5.— Female  gipsy  moth.     Slightly  enlarged. 
Life.) 


(From  Insect 
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addition  to  the  longer  ones,  which  give  the  tubercles  when  magnified  an  appearance 
like  velvet.     The  head  of  the  larva  is  pale  brown  with  darker  mottlings. 

The  young  larvae  are  of  a  blackish  color  covered  with  reddish  brown  hairs.  The 
head  is  jet  black.  Close  examination  will  show  projecting  from  the  back  of  the 
fourth  and  fifth  abdominal  segments  a  large  tuft  of  reddish  brown  hairs,  and  on  the 
middle  line  of  the  ninth  and  tenth  segments  is  an  orange  or  reddish  tubercle  which 
may  be  withdrawn  into  the  body.  After  the  second  spring  molt  the  larva  is  about 
three-eighths  of  an  inch  long,  the  yellow  markings  on  the  body  are  more  apparent, 
and  the  brown  tufts  on  the  back  less  prominent,  while  the  band  of  white  dashes  along 
the  sides,  characteristic  of  the  full-grown  larva,  is  noticeable. 

The  pupa. — The  full-grown  larva  spins  a  cocoon  of  grayish  silk,  which  is  very  loose 
in  its  construction  and  is  so  far  from  being  compact  that  the  pupa  may  be  readily 
seen  through  it.  The  pupa  itself  is  about  five-eighths  of  an  inch  long,  dark  brown  in 
color,  with  a  conical  spine  at  the  end  of  the  abdomen  bearing  a  cluster  of  minute 
hooks  at  the  tip.  Smooth,  yellowish  brown  hairs  are  found  scattered  over  the  abdomen 
and  the  top  of  the  thorax. 

The  cocoons  are  apparently  spun  by  preference  among  the  leaves  at  the  tips  of 

branches,  and  often  a  dozen  or 
more  larvae  will  spin  a  common 
web  within  which  each  individual 
forms  its  own  cocoon  and  trans- 
forms to  pupa.  The  cocoons  are 
also  found  under  fences  and  be- 
neath the  edges  of  clapboards.  Mr. 
Kirkland  has  seen  a  mass  of  co- 
coons nearly  2  feet  across  in  the 
cornice  of  a  house  in  Somerville. 

The  adult,  or  moth. — The  moths 
(fig.  6,  at  left)  are  pure  white,  the 
end  of  the  abdomen  being  brown- 
ish, and  both  sexes  bear  at  the  tip 
of  the  abdomen,  more  conspicuously 
with  the  female,  a  tuft  of  brown 
hairs,  almost  globular  in  form,  from 
which  comes  the  name  brown-tail 
moth.  It  is  the  only  moth  occur- 
ring in  America  to  which  this  de- 
scription applies,  and  is  therefore 
inches,  and  the  male  is  smaller. 


FIG.  6.— The  brown-tail  moth  (Euproctis  chrysorrhoea):  Fe- 
male moth  above,  male  moth  below,  larva  or  caterpillar 
at  right.  Slightly  enlarged.  (From  Howard.) 

unmistakable.     The  female  expands  about 


Seasonal  History. 

The  moths  fly  in  New  England  from  the  1st  to  the  20th  of  July,  the  time  varying 
with  the  condition  of  the  season.  In  1898  the  height  of  the  flying  season  is  said  by 
Fernald  and  Kirkland  to  have  been  July  16,  in  1899  July  8,  and  in  1902  July  14.  It 
is  a  night-flying  insect,  and  only  a  few  are  ever  seen  on  the  wing  in  the  daytime. 
Soon  after  sunset  a  few  begin  to  fly,  the  number  increasing  as  it  grows  dark,  and  from 
10  o'clock  to  midnight  they  swarm  to  the  greatest  extent.  They  are  strong  flyers,  and 
are  attracted  to  light.  So  great  have  been  their  numbers  in  the  infested  region 
that  the  sides  of  red  brick  buildings  near  electric  lights  have  appeared  perfectly 
white.  It  is  at  this  time  that  the  great  spread  of  the  species  occurs,  and  the  reason 
that  the  direction  of  the  spread  has  been  greatest  toward  the  northeast  has  been  the 
fact  that  the  prevalent  night  winds  at  that  time  of  the  year  seem  to  have  been  from  the 
southwest.  Aside  from  actual  flight,  the  species  has  spread  by  being  carried  in  the 
moth  condition  on  railway  trains  and  on  vessels.  Captains  of  vessels  have  reported 
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that  the  moths  have  alighted  upon  their  ships  in  great  numbers  in  the  vicinity  of 
Boston  along  toward  midnight  on  several  occasions,  and  the  introduction  of  the  species 
at  more  than  one  seaport  in  Maine  has  been  by  means  of  vessels  coming  from  the 
infested  district  rather  than  by  direct  flight.  Of  course,  the  brown-tail  moth  is  carried 
in  the  caterpillar  stage,  just  as  is  the  gipsy  moth,  upon  vehicles  of  different  kinds 
passing  through  the  infested  region  and  upon  the  persons  of  pedestrians  as  well.  In 
late  May,  1906,  the  writer,  in  company  with  three  other  persons,  walked  through  the 
woods  in  a  region  not  far  from  Boston,  and  although  the  most  careful  efforts  were  made 
by  each  of  us  to  pick  the  caterpillars  from  the  clothes  of  the  others,  an  hour  or  two 
afterwards,  and  many  miles  away  by  automobile,  still  others  were  found  under  the 
upturned  trousers  and  lapels  of  coats  and  in  other  hidden  places  about  garments. 

The  eggs  are  laid  by  the  moths  soon  after  the  flight  begins,  say  in  the  latter  part  of 
July.    They  hatch  during  August  and  the  young  larvae  feed  in  clusters  on  the  upper 
surface  of  leaves,  skeletonizing  them  and  causing 
the  foliage  to  turn  brown  as  if  blighted .     At  first 
they  feed  upon  the  leaf  which  bears  the  egg 
mass,  but  soon  wander  to  others,  returning  at 
night  to  the  original  leaf.     When  first  hatched 
they  are  about  one-twelfth  of  an  inch  long,  and 
in  five  to  six  days  shed  their  skin,  increasing  in 
length  to  one-fifth  of  an  inch. 

Later  the  second  molt  occurs,  although  this 
sometimes  does  not  take  place  until  autumn 
within  the  winter  web.  Along  in  September 
they  begin  to  spin  their  winter  webs  by  drawing 
together  a  number  of  leaves  with  silk,  and  in 
each  of  these  nests  a  large  number  of  caterpillars 
stow  themselves  away  for  the  winter.  These 
webs  or  nests,  composed  of  leaves  and  silk,  will 
average  from  5  to  6  inches  in  length,  and  each 
will  contain  200  or  more  caterpillars.  The 
caterpillars  feed  until  cold  weather,  and  then 
all  enter  the  web  and  close  the  exit  holes.  They 
are  then  about  one-fourth  grown. 

These  winter  webs  (fig.  7)  of  the  brown- tail 
moth  are  very  characteristic,  and  there  are 
practically  no  other  insect  structures  common 
upon  trees  which  may  be  mistaken  for  them. 
There  are  certain  old  webs  of  native  species 
which  might  possibly,  by  the  untrained  eye, 
be  considered  to  be  those  of  the  brown-tail 
moth,  but  these  are  empty  in  the  wintertime. 
Any  web  of  this  character  and  general  size  found 
during  the  winter  which  contains  young  caterpillars  in  any  number  is  the  web  of  the 
brown-tail  moth. 

The  following  spring,  as  soon  as  the  buds  begin  to  appear  upon  fruit  trees,  these 
young,  one-fourth-grown  caterpillars  issue  from  the  overwintering  nests  and  attack 
first  the  buds  and  blossoms  and  later  the  foliage.  Apparently  half  starved  by  their 
long  hibernation,  they  come  out  with  voracious  appetites,  and  the  amount  of  damage 
done  by  them  at  this  time  is  extraordinary.  Old  trees  may  lose  all  their  buds,  or,  if 
the  leaf  buds  and  blossom  buds  burst,  the  foliage  itself  may  be  entirely  destroyed  at 
a  later  date.  The  growth  of  the  larva  is  rapid,  and  it  reaches  full  size  and  begins  to 
spin  its  cocoon  during  the  last  half  of  June,  transforming  to  pupa  and  remaining  in 
this  condition  for  approximately  20  days. 
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FIG.  7.— Winter  nest  of  the  brown-tail  moth, 
containing  300  or  400  young  caterpillars. 
(Original.) 
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Damage  to  Plants. 

As  just  indicated,  the  damage  to  trees  and  shrubs  may  be  very  severe.  The  list  of 
food  plants  is  very  extensive.  While  there  seemed  at  first  to  be  a  preference  for  pear 
and  apple,  the  larvae  were  found  to  feed  also  upon  the  stone  fruits,  as  well  as  upon  the 
elm,  maple,  and  several  species  of  oak.  Of  late  years  there  has  been  a  very  extensive 
infestation  of  scrub  oak  and  of  the  larger  trees  of  the  genus  Quercus.  In  fact,  the  cater- 
pillars feed  generally  upon  all  deciduous  trees,  on  many  shrubs,  and  even  upon  herb- 
age. A  list  of  over  80  different  food  plants  was  published  by  Fernald  and  Kirkland  in 
1903.  Thousands  of  fruit  trees  in  the  vicinity  of  Boston  have  been1  killed  by  this  in- 
sect. Injury  to  woodlands  and  forests  has  not  been  as  severe  as  that  accomplished  by 
the  gipsy  moth,  and  coniferous  trees  do  not  seem  to  be  attacked,  but  the  damage  to  oak, 
maple,  and  elm  in  the  wooded  region  has  been  sufficient  to  cause  the  forests  to  appear 
brown  in  June  in  places,  and  complete  defoliation  for  a  series  of  three  or  four  years  has 
brought  about  the  death  oi  many  trees.  Even  where  the  tree  survives,  its  growth  has 
been  checked,  and  there  is  a  timber  loss. 
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In  reply  to  an  inquiry  of  the  writer,  the  following  letter  was 
received  from  the  New  York  house  of  Sutter  Brothers: 

NEW  YORK,  January  17,  1901. 
MR.  EDWARD  H.  JENKINS,  New  Haven. 

Dear  sir:  We  are  in  receipt  of  your  favor  of  the  I5th  inst,  and  in 
reply  would  say  that  we  submitted  the  tobacco  to  about  four  or  five  of 
our  largest  customers  who  have  been  working  Sumatra  and  Havana 
seed,  and  all  their  reports  are  in  favor  of  the  experiment.  They  claim 
that  the  goods  are  much  finer  than  anything  they  have  ever  seen,  and 
call  our  especial  attention  to  the  Sumatra  seed  as  being  as  fine  in  every 
particular  as  the  imported  article.  Our  customers'  letters  were  very 
encouraging  indeed,  and  they  all  express  the  wish  that  the  experiment 
be  continued  as  it  would  be  for  the  benefit  of  all  concerned,  especially 
to  the  dealers  and  manufacturers,  and  of  course  to  the  smoking  public 
at  large.  We  certainly  trust  that  the  experiment  will  be  continued 
next  year,  and  if  there  is  anything  we  can  do  to  advance  same  we  are 
at  your  disposal. 

Yours  respectfully, 

SUTTER  BROS. 

No   further  evidence  is  required  to   demonstrate  that, 

tobacco  of  the  Sumatra  type  can  be  raised  in  Connecticut  which  is 
equal  in  all  respects  to  the  average  imported  Sumatra. 

To  determine  whether  this  could  or  could  not  be  done  was  the 
object,  and  the  only  object  of  this  experiment. 

It  remains  to  be  seen  whether  such  tobacco  can  be  eco- 
nomically raised  in  Connecticut;  raised  on  a  considerable  scale 
at  a  profit.  To  determine  these  points  will  probably  require 
some  years  of  experiment. 

We  would  strongly  urge  farmers  not  to  undertake  to  raise 
Sumatra  tobacco  under  shade  at  present,  in  anything  more  than 
a  very  small  way,  and  purely  as  an  experiment,  which  will  not 
seriously  cripple  them,  even  if  it  is  a  complete  failure. 

The  Station  proposes  to  continue  these  experiments  on  a 
somewhat  larger  scale  so  as  to  get  some  data  to  show  the  cost 
of  making  the  shade  and  of  harvesting,  and  also  to  show  the 
yield  of  shaded  Sumatra  per  acre. 
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THE '  PROTECTION  K3F    SHADE    TREES./  ^^# 
BY  E.  H.  JENKINS  AND  W.  E.  BRITTON. 

In  November,  1900,  a  Bulletin  on  this  subject  was  issued  by 
this  Station.  The  Bulletin,  which  is  in  substance  reprinted  in 
the  following  pages,  was  in  the  form  of  a  report  on  the  shade 
trees  of  New  Haven  made  to  the  Mayor  of  the  city  by  a  com- 
mittee of  which  the  writers  were  members ;  the  other  members 
being  Prof,  Graves  of  the  Yale  Forestry  School  and  Mr.  Henry 
T.  Blake,  President  of  the  New  Haven  Park  Commission. 

The  report  in  its  main  features  is  applicable  to  most  of  the 
cities,  towns  and  villages  of  this  State. 

In  every  one  of  them  may  be  found  the  same  mutilations  by 
vandals,  the  same  evidence  of  lack  of  care  and  skill  in  planting, 
pruning  and  trimming  and  the  same  insect  enemies. 

In  many  of  them  too,  may  be  found  an  increasing  respect  for 
shade  trees,  a  desire  for  their  better  protection  and  more  active 
interest  in  tree-planting. 

In  view  of  these  facts  and  of  the  fact  that  much  of  the  work 
on  this  Report  was  done  by  members  of  the  Station  staff,  it 
is  altogether  proper  that  the  Station  should  bring  the  results  of 
this  work  to  the  attention  of  those  individuals  and  communities 
which  are  reached  by  its  bulletins. 

In  the  smallest  village,  as  well  as  in  the  largest  city,  trees  can 
only  be  protected  by  the  creation  of  an  intelligent  public  senti- 
ment on  the  subject.  Small  villages  can  more  easily  produce 
and  maintain  exceptionally  fine  shade  trees  than  can  cities,  where 
"modern  improvements"  do  so  much  to  damage  them,  and  few 
material  things  add  more  to  the  attractiveness  of  small  country 
places  and  their  value  to  those  who  are  seeking  temporary  or 
permanent  homes,  than  well-shaded  and  well-kept  streets. 

In  regard  to  the  illustrations  following  page  338,  Figs.  7, 8  and 
9  of  Plate  XI,  and  Plates  XIV  and  XV,  are  from  electrotypes 
kindly  supplied  by  Dr.  E.  P.  Felt,  State  Entomologist  of  New 
York.  Fig.  17,  Plate  XVI,  was  used  in  Bulletin  121  of  this 
Station,  1895,  by  permission  of  the  U.  S.  Department  of 
Agriculture.  Figure  16,  Plate  XVI,  was  published  in  the 
Report  of  this  Station  for  1896,  from  an  original  photograph. 

All  others  are  from  original  photographs  taken  in  the  streets 
of  New  Haven  and  are  fair  examples  of  certain  present  condi- 
tions mentioned  in  the  following  report. 


PROTECTION  OF  SHADE  TREES.  331 

CAUSES  OF  THE  PRESENT  CONDITION  OF  THE  SHADE  TREES  OF 

NEW  HAVEN. 

The  unsatisfactory  condition  of  many  of  the  shade  trees  in 
the  squares  and  streets  of  New  Haven  is  due  to  a  number  of 
causes  acting  together;  no  single  one  of  them  being  chiefly 
responsible  for  the  damage.  A  brief  statement  of  these  causes 
follows : 

i.     Old  Age. 

Many  of  the  trees  in  New  Haven  are  of  very  great  age. 
For  example,  the  sycamore  near  the  corner  of  College  and 
Elm  Streets,  the  last  of  a  row  which  once  bordered  the  Green, 
was  set  in  1759  and  many  of  the  elms  on  the  Green  were 
planted  in  the  year  1787. 

While  under  favorable  conditions  some  of  these  trees  may 
last  for  many  years  longer,  their  age  must  necessarily  tell 
against  them  in  their  struggle  for  life  under  any  circumstances. 

2.     Lack  of  Water  and  Air  about  the  Roots. 

All  trees  need  to  stand  in  ground  which  is  sufficiently  open 
to  the  air  and  suitably  watered.  The  exclusion  of  either  air 
or  water  from  the  soil  is  surely  and  quickly  fatal.  It  is  a 
matter  of  common  observation  that  a  filling  of  earth  two  or 
more  feet  deep  about  thrifty,  mature  trees  will  damage  or  kill 
them.  The  covering  of  earth  works  this  injury  simply  by 
excluding  air  from  the  active  rootlets. 

The  conditions  of  city  life  seem  to  require  that  streets  and 
sidewalks  should  be  made  hard  and  as  nearly  impervious  to 
water — and  incidentally  to  air, — as  may  be.  As  a  result,  the 
trees  standing  on  or  close  by  the  streets  are  greatly  limited 
in  their  supply  of  both  water  and  air  by  the  water-tight  and 
air-tight  covering  above  their  roots. 

3.     Lack  of  Plant  Food. 

The  soil  in  a  large  part  of  the  city  is  a  light  leachy  sand, 
naturally  unfertile  and  for  more  than  a  hundred  years  the 
tree  roots  have  been  constantly  taking  the  available  plant  food 
out  of  it.  A  part  of  this  matter  assimilated  by  the  trees  remains 
permanently  in  the  wood  and  by  far  the  larger  part  goes  into 
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the  leaves.  These  leaves,  as  well  as  much  of  the  grass  growing 
under  the  trees,  are  crops  which  have  been  gathered  annually 
for  more  than  a  century  from  our  streets  and  parks;  a  crop 
which  is  rich  in  mineral  matter  and  hence  impoverishes  the  soil 
on  which  it  grows,  as  our  field  and  garden  crops  exhaust  the 
fertility  of  land.  Just  as  no  market  gardener  thinks  of  success 
in  farming  without  a  yearly  dressing  of  the  land  with  fertilizers 
of  some  sort,  so  in  our  city  parks  the  best  success  with  trees 
cannot  be  expected  on  a  soil  which  has  supported  their  life  for 
more  than  a  hundred  years,  unless  the  supply  of  plant  food  in 
the  soil  is  supplemented  by  the  use  of  fertilizers. 

The  soil  is  further  exhausted  by  the  removal  of  a  part  of  the 
grass  whenever  it  is  cut  in  our  parks. 

It  is  true  that  trees  have  the  power  to  gather  food  enough 
to  support  life  and  make  some  growth  even  from  soils  which 
are,  agriculturally  speaking,  almost  barren.  It  is  also  true 
that  the  wastes  of  the  community  which  pass  into  the  soil  help 
to  feed  the  trees  standing  upon  it.  Moreover,  from  time  to 
time,  some  fertilizing  material  has  been  put  on  our  public 
squares  with  the  object  of  improving  the  grass.  But  these 
various  things  do  not  fully  meet  the  requirements  of  the  trees. 
The  yearly  application  of  some  suitable  fertilizer  to  the  soil 
about  shade  trees,  is  of  the  highest  importance  to  increase  their 
growth  and — what  is  more  vital — their  thrift  and  their  power 
of  resisting  unfavorable  conditions. 

4.     Mutilations  of  Trees. 

A  very  large  number  of  the  trees  on  the  streets  of  New 
Haven,  not  only  such  as  are  newly  planted,  but  also  those  of 
the  larger  sizes,  have  been  and  are  now  being  injured  and  even 
ruined  by  the  gnawing  of  horses,  which  contrary  to  city  ordi- 
nances are  hitched  to  them  or  left  unhitched  to  bite  and  tear 
the  tree  trunks. 

The  damage  done  in  this  way  is  well  shown  in  figures  I 
and  2  of  Plate  VIII  following  page  338. 

To  show  the  extent  of  damage  by  horses,  the  following 
statement,  based  on  personal  observation,  gives  the  total  number 
of  trees  on  the  streets  named,  the  number  of  such  trees  damaged 
by  the  gnawing  of  horses  and  collisions  of  vehicles,  and  the 
percentage  of  mutilated  trees. 


MUTILATION    OF    SHADE   TREES.  333 

MUTILATION  OF  TREES  BY  HORSES  AND  VEHICLES. 

Whole  number    Number      Percentage 
of  trees.         mutilated.       injured. 

Orange  St.,   Canner  to  Court 260  82  31 

Wall  St.,  State  to  York 44  24  55 

Ashmun  St.,  York  to  Munson 107  59  55 

Orchard  St.,  Munson  to  Davenport  Ave.  244  86  35 

Chapel   St.,   Day  to   College 86  38  44 

Charles  St.,  Orchard  to  Dixwell  Ave...  18  8  44 

Howe  St.,  Whalley  Ave.  to  Oak 130  41  31 

George  St.,  Temple  to  Winthrop  Ave...  254  70  28 

1143          408  36 

Another  very  destructive  mutilation  is  the  necessary  cutting 
of  large  roots  in  digging  for  water  and  gas  mains  or  sewers, 
and  worse  than  this  the  cutting  of  main  roots  close  to  the  tree 
or  the  cutting  of  the  trunk  itself  in  order  to  lay  a  curb-stone 
to  line  or  make  a  cobble  gutter.  An  illustration  of  such  mutila- 
tion is  given  in  figure  3,  Plate  IX. 

While  this  Report  was  in  preparation,  one  of  the  finest  elms 
in  the  city  was  blown  down  by  a  sudden  squall,  carrying  to 
the  ground  a  number  of  electric  trolley  wires,  maiming  a  horse 
so  that  it  had  to  be  killed  and  doing  injury  to  the  building 
opposite.  Had  it  fallen  a  few  minutes  earlier  or  later  it  would 
certainly  have  demolished  street  cars  and  destroyed  human  life. 
The  tree  was  perfectly  sound  five  feet  above  the  ground,  but  at 
the  surface  it  was  a  mere  shell,  the  heart  wood  being  entirely 
destroyed.  The  primary  cause  of  this  decay  was  quite  certainly 
a  mutilation  of  the  root  which  had  not  healed  and  in  which 
decay  had  started,  spreading  till  the  whole  was  gone.  Figure  4, 
Plate  IX  shows  the  decayed  trunk  seen  from  the  bottom  and  is 
a  striking  example  of  the  damage  which  may  result  from  a 
mutilation. 

Another  mutilation  which  has  destroyed  many  trees  or  greatly 
marred  them  is  unskillful  trimming  and  neglect  of  the  scars 
left  by  it.  In  many  cases  large  limbs  have  been  sawed  off, 
leaving  bare  wounds  almost  horizontally  exposed,  to  catch  and 
hold  the  rain  and  entirely  unprotected  by  anything  like  paint 
to  keep  the  water  out.  Naturally  decay  soon  begins  here,  and 
spreads  into  the  body  of  the  tree. 

Figure  5  of  Plate  X  gives  an  illustration  of  this  kind  of 
damage. 


334        CONNECTICUT   EXPERIMENT    STATION    REPORT,    1900. 

A  further  mutilation,  less  extensive  than  those  just  named, 
but  very  evident  in  some  places,  is  the  chafing  of  the  bark 
by  electric  light  or  trolley  feed  wires.  In  some  cases  the  bark 
has  been  wholly  destroyed  on  one  side  and  the  limb  killed. 
And  lastly,  each  year  some  trees  or  parts  of  trees  are  broken 
off  by  severe  gales,  the  injury  usually  occurring  to  trees  which 
are  not  in  a  very  thrifty  condition. 

5.     Poisoning  by  Illuminating  Gas. 

Illuminating  gas  is  extremely  poisonous  as  well  to  the  roots 
as  to  the  leaves  of  trees.  A  considerable  leak  from  a  gas 
main,  under  repair,  during  a  single  night  has  killed  trees  stand- 
ing near,  and  a  very  slight  leak  for  a  longer  time  will  also 
infallibly  kill  them. 

Many  trees  have  been  killed  by  this  cause,  the  damage  often 
being  done  before  the  leak  was  discovered. 

6.    Insect  Injuries. 

The  insects  which  commonly  injure  street  trees  in  New 
Haven  may  be  grouped  as  (a)  leaf-eating  insects,  (b)  sucking 
insects,  and  (c)  borers. 

(a)     Leaf-eating  Insects. 

Elm  Leaf-Beetle. — Galerucella  luteola,  Mull.  The  adults 
appear  in  the  first  half  of  May,  when  the  leaves  are  unfolding, 
and  perforate  them  with  small  round  holes.  The  females  lay 
their  yellow  eggs  on  the  under  sides  of  the  leaves  in  irregular 
clusters.  Each  female  is  said  to  deposit  about  six  hundred 
eggs,  and  the  egg-laying  period  extends  over  several  weeks. 
The  eggs  hatch  in  about  a  week  and  the  young  larvae  or  grubs 
feed  upon  the  under  surface  of  the  leaves,  eating  off  the  green 
portion  and  leaving  only  the  skeleton  covered  with  the  upper 
epidermis.  Such  leaves  soon  turn  brown  and  fall. 

The  English  elm  suffers  greater  injury  than  our  American 
species. 

The  larvae  or  grubs  do  much  more  damage  than  the  adults, 
and  in  from  fifteen  to  twenty  days,  when  full  grown,  descend 
the  body  of  the  tree  or  drop  from  the  branches  in  search  of  a 
place  to  pupate.  Large  numbers  transform  at  the  base  of  the 
tree,  where,  partially  covered  with  fallen  leaves  or  rubbish,  they 
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may  often  be  gathered  by  the  quart.  Many,  however,  crawl 
into  crevices  of  the  rough  bark  of  the  trunk  and  larger  branches 
and  there  undergo  this  change.  In  from  six  to  ten  days  the 
adult  beetle  comes  forth,  feeds  for  a  time  upon  the  leaves  and 
then  retires  to  winter  quarters  in  some  building  or  almost  any 
sheltered  place.  In  New  Haven  some  of  the  beetles  lay  eggs 
for  a  second  brood,  but  usually  there  is  but  one  complete  genera- 
tion in  a  season. 

The  full  grown  larva  or  grub  is  about  one-half  inch  long, 
with  a  broad  black  band  along  each  side  of  the  body  and 
is  covered  with  short  tubercles  bearing  hairs.  The  pupa  is 
about  one-quarter  inch  long,  naked  and  light  yellow.  The 
adult  beetle  is  about  one-quarter  inch  long,  with  head,  chest  and 
margins  of  the  wing-covers,  brownish  yellow.  Each  wing- 
cover  is  also  marked  lengthwise  with  a  more  or  less  obscure 
black  stripe.  Plate  XVI,  fig.  17,  shows  this  insect  in  its  various 
forms. 

Canker  Worms. — Fall  Canker  Worm,  Anisopteryx  pometaria, 
Harr.  Spring  Canker  Worm,  Paleacrita  vernata,  Peck. 

Both  these  species  injure  elms  in  New  Haven  by  eating  the 
leaves  during  May  and  June.  The  eggs  are  laid  on  the  bark 
of  the  trunk  or  branches  by  the  wingless  females ;  those  of  the 
fall  species  during  warm  days  in  November  and  December, 
those  of  the  spring  species  in  March  and  April. 

The  adult  males  are  grey  moths,  having  a  wing  expanse  of 
about  an  inch,  while  the  females  are  wingless  and  must  creep 
up  the  trunks  of  the  tree  to  lay  their  eggs  in  them.  See  Plate 
XVI,  fig.  16. 

The  larva  or  caterpillar  becomes  full  grown  in  about  four 
weeks  after  hatching,  and  is  then  about  an  inch  long,  of  a  dark 
brown  color,  with  lighter  stripes  running  lengthwise  of  the 
body.  The  color,  however,  varies  considerably.  The  cater- 
pillars "loop"  in  crawling,  and  when  disturbed  "spin  down" 
from  the  branches  on  a  fine  thread  by  means  of  which  they 
afterwards  ascend. 

They  pupate  in  the  ground.  Much  of  the  damage  done  by 
canker  worms  in  the  city  has  been  wrongly  attributed  to  the 
elm  leaf-beetle ;  but  the  work  of  the  two  insects  may  be  readily 
distinguished.  The  adult  elm  leaf-beetle  makes  "shot-holes" 
through  the  leaf  and  its  larva  or  grub  eats  away  the  under 


33^        CONNECTICUT    EXPERIMENT    STATION    REPORT,    1 900. 

surface;  while  the  canker  worm  eats  any  portion  of  the  leaf 
except  the  principal  veins,  but  does  not  puncture  the  leaf.  The 
White-Marked  Tussock  Moth,  Notolophus  leucostigma,  Sm. 
and  Abb. ;  the  Forest  Tent  Caterpillar,  Clisiocampa  disstria, 
Hiibn. ;  the  Fall  Web  Worm,  Hyphantria  cunea,  Drury,  and 
the  Bag  Worm,  Thyridopteryx  ephemerae  for  mis,  Steph.,  all  of 
them  pests  in  other  places,  are  also  found  in  New  Haven,  but 
up  to  the  present  have  not  been  so  abundant  as  to  be  troublesome. 

(b)     Sucking  Insects. 

Elm  Scale. — Gossyparia  ulmi,  Geoff. 

This  insect,  shown  in  figure  6,  Plate  X,  was  introduced  from 
Europe  and  is  now  distributed  over  the  United  States.  It 
collects  in  clusters  at  the  forking  of  the  twigs  and  in  the  crevices 
of  the  bark,  mostly  on  the  under  side  of  the  branches,  from 
which  it  sucks  the  sap  for  its  food.  The  females,  dark  brown 
in  color,  with  margins  of  a  white  woolly  substance,  are  oval  in 
outline,  about  an  eighth  of  an  inch  long  and  bring  forth  their 
young  alive  instead  of  laying  eggs.  They  exude  a  sweet  sticky 
substance,  known  as  "honey-dew,"  in  great  abundance  and  this 
often  drips  upon  the  ground  and  walks,  under  badly  infested 
trees.  The  young  appear  about  the  middle  of  June.  The 
branches  which  they  attack  generally  die  and  the  whole  tree  is 
weakened. 

The  Cottony  Maple  Scale. — Pulvinaria  innumerdbilis,  Rathv. 

This  insect  may  be  found  on  nearly  every  street  in  this  city 
where  there  are  maples.  One  of  the  worst  infested  trees  stands 
on  the  corner  of  Wall  and  Orange  Streets.  White  masses  of  a 
waxy  material,  resembling  cotton,  are  seen  in  the  crevices  of 
the  bark  and  on  the  under  sides  of  the  leaves  and  branches. 
The  impregnated  females  live  over  winter  on  the  under  sides 
of  the  twigs  and  produce  eggs  under  the  cottony  substance. 
They  then  shrivel  and  die.  The  eggs  hatch  in  early  summer, 
the  young  lice  crawl  about  for  a  few  hours,  then  settle  along 
the  mid-ribs  of  the  leaves,  where  they  continue  to  suck  the  sap, 
until  mature,  when  they  migrate  to  the  twigs  and  there  pass  the 
winter. 

Much  damage  has  been  done  in  various  places  by  this  insect, 
but  it  is  easily  controlled  by  remedial  treatment. 
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(c)     Borers. 

Maple  Borer. — Plagionotus  speciosus,  Say. 

Maple  trees  in  New  Haven  are  more  seriously  injured  by  the 
maple  borer  than  by  any  other  species  of  insect. 

The  adult  is  a  beautiful  black  beetle  about  an  inch  long, 
ornamented  with  cross-bands  of  bright  yellow.  The  eggs  are 
laid  on  the  trunks  of  the  maples  in  July  and  August  and  the 
young  borers,  as  soon  as  hatched,  tunnel  in  the  bark  or  wood, 
where  they  remain  through  the  winter.  The  appearance  of 
these  beetles  is  shown  in  figure  7,  Plate  XL  Usually  the  main 
tunnel  is  between  the  wood  and  bark,  and  sometimes  passes 
nearly  around  the  trunk  in  a  spiral  and  upward  course,  girdling 
it.  Examples  of  the  injuries  are  shown  in  Plate  XI,  figure 
10  and  Plate  XII,  figure  n.  The  "sawdust"  or  castings  are 
thrown  outside  the  burrow  and  serve  as  a  guide  to  trees  which 
have  been  attacked.  The  burrows  often  run  deep  into  the  solid 
wood  and  the  larva  doubtless  passes  the  winter  in  these  more 
protected  chambers. 

The  life-history  of  this  borer  is  not  fully  known,  but  it  is 
supposed  that  two  years  are  required  for  its  full  development. 

Elm  Borer. — Saperda  tridentata,  Oliv. 

This  enemy  of  the  elm  often  causes  great  injury  before  its 
presence  is  suspected,  and  makes  numerous  galleries  in  the 
inner  bark,  so  that  the  bark  will  sometimes  separate  from  the 
wood  in  large  sheets.  The  beetle  is  about  half  an  inch  in  length, 
slate-colored,  with  orange  markings.  Its  appearance  is  shown 
in  figure  8,  and  the  characteristic  injuries  caused  by  it  in  figure 
9  of  Plate  XL 

The  Pigeon  Tremex. — Tremex  columba,  L. 

Injured  and  dying  elms  are  often  attacked  by  this  and  many 
other  species,  which  seldom  attack  healthy  trees. 

The  Leopard  Moth. — Zeuzera  pyrina,  Fabr.,  is  exceedingly 
injurious  to  elms  and  maples  about  New  York  City.  The 
adult  is  a  large  white  moth,  spotted  with  black,  and  the  larva 
makes  deep  burrows  into  the  wood. 

7.    Lack  of  Knowledge  and  Care  in  Planting. 
The  statements  in  the  preceding  pages  have  mainly  to  do 
with  the  life  and  health  of  the  trees.     A  further  consideration, 
which  is  of  great  importance  and  which  is  often  overlooked,  is 
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the  failure  to  produce  trees  of  symmetrical  proportions.  The 
purpose  of  planting  trees  in  our  streets  and  parks  is  not  only 
to  furnish  shade  but  also  to  beautify  the  city.  When  trees 
are  planted,  the  question  should  always  be  considered,  whether 
the  right  varieties  have  been  chosen,  whether  the  individuals 
are  perfect,  and  whether  the  location  of  each  tree  is  such  that 
it  can  develop  symmetrically. 

It  requires  only  a  short  walk  in  the  New  Haven  streets  and 
parks  to  see  trees  which  are  misshapen  because  they  have  been 
crowded  by  one  or  more  of  their  neighbors,  and  to  see  young 
trees  which  will  never  develop  into  beautiful  individuals  because 
they  were  not  properly  treated  in  the  nursery. 

The  failure  to  produce  symmetrical  trees  in  city  streets  and 
parks  can  usually  be  attributed  to  the  following  causes: 

(a)  Poor  nursery  stock.     It  is  as  true  of  trees,  as  of  our  field 
and  garden  crops,  that,  to  secure  good  results,  the  seed  must  be 
selected  with  care  and  from  the  right  sources.     Trees  run  into 
varieties  as  readily  as  other  plants  and  these  varieties  differ 
greatly  in  beauty.     Therefore,  the  seed  for  producing  orna- 
mental trees  should  be  gathered  from  trees  of  known  stock  as 
to  symmetry  and  hardiness.     Often  this  is  not  done,  however, 
and  those  who  gather  seed  to  supply  the  trade  do  not  take  into 
consideration  the  quality  of  the  trees  which  produce  it.     Com- 
mercial stock  is,  therefore,  liable  to  be  (in  part  at  least)  from 
trees  belonging  to  the  less  desirable  varieties.     It  is  safer  that 
the  seed  used  be  from  trees  of  known  excellence.     As  a  rule 
those  who  select  young  stock  for  street  planting  are  not  qualified 
to  judge  what  individuals  are  likely  to  develop  into  well-shaped 
trees.     With  the  system  now  in  use,  it  is  inevitable  that  a  certain 
number  of  trees  are  planted  which  ought  never  to  have  left  the 
nursery.     Members  of  the  Committee  have  noticed,  in  numerous 
instances  in  New  Haven  streets,  young  trees  which  can  never 
be  beautiful  specimens  because  they  were  not  properly  handled 
in  the  nursery. 

(b)  Poor  judgment  in  selecting  the  species.     Hitherto  the 
selection  of  the  varieties  of  trees  to  be  planted  has  been  left 
entirely  to  the  private  citizens  who  purchase  them.     The  result 
is  that  there  is  no  uniformity  among  the  trees  on  many  streets, 
and  frequently  varieties  have  been  set  out  which  are  not  suitable 
for  street  purposes.     A  case  in  point   is  on  lower  Prospect 


PLATE   VIII 


Fig.  i. — Tree  ruined  by  gnawing  of  horses.  Decay  started  from  the 
injury  and  only  a  shell  of  living  wood  remains  on  one  side  of  the 
tree.  This  tree  is  liable  to  be  broken  over  by  a  strong  wind  and  probably 
will  fall  upon  the  adjacent  building. 


Fig.  2. — Tree  injured  by  use  as  a  hitching  post. 


PLATE   IX 


Fig.  3. — Trees  mutilated   in  laying  curb  and  gutter. 


ig.  4 —Trunk  of  an  Elm  which  was  thrown  over  in  a  squall,  Oct.  15,  1900. 


PLATE    X 


Pig.  5- — Decay  following  unskillful  pruning. 


Fig.  6. — The  Elm  Scale  on  Twigs. 


PLATE    XI 


Fig.  7. — Adult  Maple  Borers. 
(After  Felt.) 


Fig.  8.— Adult  Elm  Borers. 
(After  Felt.) 


Fig.  9.— Work  of  Elm  Borer. 
(After  Felt.) 


Fig.  10. — Work  of  Maple  Borer  nearly  girdling  the  tree. 


PLATE    XII 


Fig.  ii. — Damage  by  Maple  Borers  showing  tunnels  cut  spirally  around 

the  trunk. 


PLATE    XIII 


lgf  I2. — Trees  set  near  the  property  line  away  from  the  curb. 


ig-  J3- — Damage  by  Borers,   following  unskillful  pruning. 


PLATE   XIV 


Fig.  14. — Hand    Spray  ing- Pump    in    Operation. 
(After  Felt.) 


PLATE    XV 


PLATE  XVI 


Fig.  16. — Fall  Canker  Worm  Moths.     Male  and  Female. 


Fig.  17. — ELM  LEAF-BEETLE. — a,  eggs;  b,  larvae;  c,  adult:  e,  eggs, 
enlarged;  /,  sculpture  of  eggs;  g,  larva,  enlarged;  h,  side  view  of 
greatly  enlarged  segment  of  larva ;  i,  dorsal  view  of  same ;  j,  pupa, 
enlarged;  k,  beetle,  enlarged;  /,  portion  of  elytron  of  beetle,  greatly 
enlarged.  (After  Riley.) 
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Street,  where,  in  about  two  blocks,  Norway  maple,  sugar  maple, 
red  maple,  basswood,  white  ash,  elm,  tulip  tree,  locust  and 
cherry  can  be  found  jumbled  together  entirely  without  system. 
Without  a  systematic  plan  for  the  arrangement  of  street  trees, 
the  result  can  never  be  satisfactory. 

(c)  Umvise  location  of  trees. .  In  order  to  produce  the  best 
results,  each  tree  should  be  given  enough  space  for  the  develop- 
ment of  its  normal  form.     As  a  rule  the  trees  in  New  Haven 
are   planted   too   closely   together,   with   the   result  that  many 
individuals  become  one-sided  or  otherwise  misshapen. 

There  is  also  a  tendency  to  set  young  trees  under  old  speci- 
mens which  may  die  in  a  few  years.  This  has  been  done  in 
several  places  on  the  Green.  The  old  trees  have,  however,  not 
died  and  the  young  specimens  have  been  crowded  for  room 
and  light  and  have  become  distorted. 

(d)  Improper  planting.     This  cause  for  failure  in  city  plant- 
ing is  less  common  than  the  causes  discussed  in  the  preceding 
pages.      Nevertheless,    the   members    of    the   Committee   have 
noted  in  the  newly-planted  streets  a  number  of  small  trees,  dead 
or  dying,  which  should  have  lived  if  they  had  been  properly 
planted. 

(e)  Lack  of  care  after  planting.     Hitherto  no  attention  seems 
to  have  been  given  to  the  young  trees  after  they  have  been 
planted,  except,  in  some  instances,  to  trim  off  the  dead  limbs. 
Often  young  specimens  require  a  certain  amount  of  trimming 
in  order  to  develop  well-shaped  crowns,  but,   so   far  as  the 
Committee  is  informed,  this  is  seldom  done.     Furthermore  it 
frequently  happens  that  young  trees  are  injured  so  severely  that 
there  is   no   hope   of  their  complete   recovery.     Even   if  they 
live,  they  cannot  become  perfect  specimens,  whereas  if  they  are 
removed  and  replaced  at  once,  the  new  trees  will  have  the  benefit 
of  growth  during  the  time  the  old  ones  would  linger  along 
before  death. 

8.     Electric  Currents  from  Feed  Wires. 

Whether  or  not  the  electric  currents — which  sometimes  leak 
into  trees  from  electric  light,  or  trolley  wire — damage  the  trees, 
has  not  been  certainly  determined ;  there  can  be  no  doubt, 
however,  that  they  are  of  no  benefit  and  prudence  will  dictate 
that  such  exposures  should  be  carefully  avoided. 
25 
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WHAT  CAN  BE  DONE  TO  PROTECT  AND  IMPROVE  THE  SHADE 

TREES? 

We  have  thus  set  forth  the  main  causes  of  the  present  unsatis- 
factory condition  of  the  city  shade  trees.  To  abate  or  remove 
these  causes  we  make  the  following  notes  and  recommendations : 

1.  Age  of  the  trees.     For  old  age  there  is  no  remedy !     Never- 
theless the  recommendations  given  below  will  certainly  lengthen 
the  life  of  the  trees  by  abating  those  attacks  which  weaken  the 
vital  forces  and  thus  hasten  decay  and  death. 

2.  Lack  of  Water  and  Air  about  the  Roots.     This  lack  is  not 
very  severely  felt  by  trees  standing  in  the  squares  with  some 
green  sward  about  them.     In  times  of  extreme  and  protracted 
drought  these  trees  suffer  in  common  with  all  vegetation  and 
would  of  course  be  helped  by  watering  once  a  month  while  the 
drought  lasts,  with  a  large  volume  of  water  equal  to  at  least 
one-half  the  normal  average  rainfall. 

On  narrow  paved  streets  in  the  center  of  the  city  little  can 
be  done,  and  it  is  a  question  how  long  the  trees  in  such  situations 
can  survive.  On  residential  streets  conditions  are  better. 

Lawns  next  the  street,  which  are  well  watered,  give  access 
of  air  and  water  to  the  tree  roots  under  them  and  thus  greatly 
help  to  support  the  trees  on  the  street  adjoining. 

The  conditions  for  growth  would  be  still  better  if  the  trees 
were  on  the  lawn  side  of  the  walk  instead  of  near  the  curb. 
With  such  an  arrangement  the  trees  would  have  more  space 
for  the  growth  of  their  roots,  and  there  would  be  less  damage 
if  it  were  necessary  to  cut  the  roots  in  lowering  the  foundation 
of  the  road.  Furthermore  they  would  be  out  of  the  reach  of 
horses  and  would  thus  escape  one  of  the  most  serious  sources 
of  damage.  Such  a  plan  would  improve  the  general  appear- 
ance of  the  street  by  giving  it  a  broader  effect.  There  would 
be  an  advantage  also  in  having  the  walks  drain  directly  into  the 
street  and  thus  the  possibility  of  standing  water  on  or  beside 
the  walk  would  be  avoided.  Such  a  plan  would  be  practical 
only  where  no  trees  have  already  been  planted,  and  where  the 
building  lots  are  deep  enough  to  leave  some  air  space  between 
trees  and  buildings.  Figure  12,  Plate  XIII,  gives  an  idea  of  the 
general  effect  of  this  system  of  planting. 
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3.  Lack  of  Plant  Food.  This  may  be  supplied  by  a  regular 
annual  dressing  with  a  moderate  amount  of  fertilizer  put  on 
the  surface.  It  is  not  practicable  or  necessary  to  dig  it  in. 
If  the  surface  is  enriched,  the  feeding  rootlets  of  the  trees  will 
quickly  find  it  out  and  develop  most  where  they  find  most 
nourishment. 

It  is  desirable,  however,  that  experiments  should  be  made 
in  the  use  for  shade  trees  of  liquid  fertilizers  poured  into  holes, 
an  inch  in  diameter,  made  for  the  purpose  about  the  trees. 

To  avoid  complaints,  not  always  quite  reasonable,  a  fertilizer 
for  use  in  city  squares  should  be  nearly  or  quite  odorless  and 
not  offensive  to  the  sight. 

We  recommend  for  present  use  a  mixture  of 

Cost. 

50  pounds  nitrate  of  soda  @  $45  per  ton $1.13 

300  pounds  cotton  seed  meal  @  $27  per  ton 4.05 

100  pounds  acid  phosphate  @  $15  per  ton » .75 

100  pounds  muriate  of  potash  @  $42.50  per  ton 2.13 

550  pounds  costing $8.06 

The  mixture  is  to  be  made  by  shoveling  the  ingredients 
together  just  before  use  and  should  be  sown  broadcast  on  each 
acre  of  land  which  is  directly  under  the  tree  branches,  as  soon 
as  the  leaves  begin  to  open  in  the  spring. 

In  addition  to  such  fertilization,  we  recommend  an  application 
of  slaked  lime  to  be  made  yearly,  for  some  years,  between 
December  ist  and  April  ist. 

Five  hundred  pounds  of  stone  lime,  which  is  moderately  free 
from  magnesia,  should  be  sown  broadcast  per  acre,  after  being 
slaked  with  water.  This  quantity  of  lime  will  cost  about  $2.50. 

For  stone  lime  may  be  substituted  700  pounds  of  slaked  oyster- 
shell  lime.  This  can  be  bought  here,  ready  for  use,  for  i2l/2 
cents  per  bushel  of  about  48  pounds  in  bulk,  making  the  cost  per 
acre  $1.80. 

The  cost  of  mixing  the  fertilizer  and  slaking  the  lime—if 
stone  lime  is  used— should  not  exceed  $1.50  per  ton,  so  that 
the  total  cost  of  fertilizing  all  the  squares  annually  in  the  way 
recommended  would  be  between  $11.30  and  $12.00  per  acre 
annually,  exclusive  of  the  teaming  and  labor  of  applying  the 
fertilizer  to  the  land. 
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It  may  be  added  that  the  fertilizer  and  lime  above  recom- 
mended are  an  excellent  dressing  for  grass  and  lawns,  and  that 
a  well  fertilized  and  well  watered  lawn  greatly  helps  the  trees 
which  stand  on  the  street  bordering  it. 

4.  Mutilation  of  trees  by  horses,  by  street  work  and  by  electric 
wires.  Our  present  city  ordinances  forbid  "any  person  to  cut, 
bruise,  injure  or  destroy  any  tree  or  shrub  for  shade,  ornament, 
or  use  in  any  street  or  public  square,"  also  "to  fasten  any  horse 
or  other  animal  to  any  shade  tree  in  any  street  or  who  shall 
place  or  leave  any  horse  or  other  animal  in  such  a  manner 
that  it  may  injure  any  shade  tree,"  also  "to  mischievously  injure 
or  remove  any  fixture  placed  around  any  tree  for  its  protection," 
or  "to  attach  any  guy  rope,  show  bill,  advertisement  or  other 
thing  upon  any  tree  without  the  permission  of  the  Board  of 
Public  Works." 

These  regulations  are  suitable  and  sufficient  for  the  protection 
of  our  trees  if  they  were  thoroughly  enforced,  which  they  mani- 
festly are  not  and  perhaps  practically  cannot  be.  Nevertheless 
more  might  be  done  in  this  direction,  and  we  would  suggest  that 
the  police  be  instructed  to  take  notice  of  all  infractions  which 
come  to  their  knowledge  and  that  the  offenders  be  vigorously 
prosecuted. 

The  regulation  of  stringing  electric  wires  is  a  delicate  and 
difficult  matter  and  it  might  be  advisable  to  require  that  this 
should  always  be  done  under  the  supervision  of  an  inspector 
furnished  by  the  Board  of  Public  Works  at  the  expense  of  the 
Company  doing  the  work. 

As  to  the  cutting  of  roots  in  the  laying  of  curb  stones,  gutters, 
sidewalks  and  street  mains,  we  know  of  no  way  to  prevent  it. 
The  liability  of  our  trees  to  damage  from  these  causes  seems 
inseparable  from  the  necessity  of  properly  constructed  streets, 
and  from  the  existence  of  heat,  light  and  water  systems  which 
are  indispensable  municipal  requirements.  The  Board  of  Public 
Works,  however,  rather  than  a  contractor,  should  in  all  cases 
decide  when  and  where  mutilation  of  the  trunk  or  roots  of  a 
tree  is  necessary. 

All  trees  near  the  curb  and  within  reach  of  horses  should  be 
so  protected  that  they  cannot  be  bitten  or  gnawed.  Young  trees 
should  be  surrounded  by  a  frame  or  by  wire  netting  so  adjusted 
that  it  will  not  bind  or  cut  the  bark  as  the  tree  grows.  For 
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large  trees  netting  fastened  on  the  street  side  will  usually  be 
sufficient. 

Mutilation  by  unskillful  trimming.  When  the  limbs  of  a 
tree  are  amputated,  extreme  care  should  be  taken  to  make  the 
cuts  close  to,  and  perfectly  even  with,  the  trunk.  If  the  pruning 
is  done  in  this  manner,  the  wounds  heal  more  quickly  than  if 
stubs  of  the  branches  remain,  and  after  healing  there  are  no 
unsightly  bulges  at  the  point  of  cutting.  Care  should  further 
be  taken  that  no  bark  is  torn  from  the  trunk,  as  often  occurs 
when  a  heavy  branch  is  removed.  In  order  to  avoid  this  evil,  a 
cut  should  first  be  made  on  the  under  side  of  the  branch  at  a 
distance  of  a  foot  or  more  from  the  trunk,  and  then  the  branch 
should  be  cut  off  just  above  the  notch.  The  stub  can  then  be 
safely  removed  and  a  perfectly  smooth  cut  made. 

After  the  removal  of  a  branch  the  wound  should  be  painted 
with  a  coat  of  coal  tar.*  The  painting  of  wounds  of  living 
branches  may  be  done  best  after  the  activity  of  the  sap  has 
ceased,  for  at  this  season  the  coal  tar  will  adhere  most  perfectly 
to  the  wood. 

The  trimming  of  dead  limbs  may  be  carried  on  at  any  season 
of  the  year,  but  extensive  pruning  of  living  branches  should 
preferably  be  done  when  the  trees  are  not  in  sap,  for  it  has  been 
shown  by  experiments  that  wounds  made  in  the  fall  and  winter 
tend  to  resist  decay  better  than  those  made  during  the  period 
of  growth.* 

No  recommendations  can  be  made  regarding  the  trimming 
of  trees  to  improve  the  shape  of  their  crowns,  for  this  operation 
can  only  be  carried  out  by  a  skilled  forester  or  landscape  gar- 
dener, who  must  treat  each  tree  according  to  its  individual 
requirements. 

Mutilation  by  Wind  Storms.  Nothing  can  be  done  to  protect 
our  trees  against  the  wind  other  than  to  keep  them  in  as  strong 
and  thrifty  condition  as  may  be,  thus  giving  them  greater  power 
of  resistance. 

5.  Poisoning  'by  Illuminating  Gas.  We  have  nothing  at 
present  to  recommend  other  than  that  the  police  should  report 
at  once  any  suspected  leakage  of  gas  in  the  streets,  both  to  the 
Board  of  Public  Works  and  to  the  Gas  Company,  and  that  the 
latter  should  be  required  by  the  Board  of  Public  Works  at  once 
to  examine  and  repair  if  necessary. 

*  See  note  on  page  351. 
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All  citizens  should  cooperate  in  giving  timely  notice  of  sus- 
pected leaks,  which,  if  not  stopped,  may  soon  kill  valuable  trees. 
In  some  cities,  when  a  tree  has  been  killed  by  gas  leaks,  the 
Company  is  required  to  pay  the  expense  of  removing  it  and 
planting  a  new  one  under  the  direction  of  the  City  authorities. 
Such  a  regulation  seems  eminently  just,  and  its  adoption  in  New 
Haven  is  well  worth  considering. 

6.  Insect  Pests.  Means  of  destroying  Leaf-eating  Insects. 
Trees  can  be  protected  against  all  leaf-eating  insects  if  the  foli- 
age is  kept  well  covered  with  poison  during  the  early  part  of 
the  summer.  A  thorough  spraying  should  be  given  the  trees 
as  soon  as  the  leaves  have  unfolded,  for  if  the  elm  leaf-beetles 
can  be  poisoned  before  laying  eggs  the  battle  is  won.  Another 
application  should  be  made  about  two  weeks  later  or  as  soon  as 
the  young  larvae  begin  to  hatch  out  from  the  eggs.  The  second 
spray  should  be  directed  against  the  under  surface  of  the 
leaves.  In  a  dry  season  like  the  past,  probably  no  other  spray- 
ing would  be  necessary,  but  if  rains  were  frequent  four  appli- 
cations might  be  required  to  keep  the  foliage  well  poisoned  up 
to  the  first  of  July. 

Arsenate  of  lead  is  perhaps  the  best  poison  to  use  for  this 
purpose.  It  has  been  employed  during  the  last  five  or  six  years, 
has  given  entire  satisfaction  and  is  considered  superior  to  Paris 
green  by  several  competent  and  experienced  men  in  charge  of 
street  trees. 

It  may  be  prepared  as  follows: 

Arsenate  of  Soda 4  oz. 

Acetate  of  Lead u  oz. 

Water   100  gallons. 

The  arsenate  of  soda  and  the  acetate  of  lead  should  each  be 
dissolved  in  four  quarts  of  water  and  then  poured  into  the 
spraying  tank  containing  the  required  amount  of  water.  This 
mixture  will  not  injure  the  foliage  even  if  a  much  larger  pro- 
portion of  poison  is  used.  It  should  be  stirred  constantly  to 
insure  uniformity  in  the  mixture  applied,  though  most  spray- 
ing outfits  are  provided  with  an  agitator  for  this  purpose. 

If  trees  cannot  be  sprayed,  however,  some  good  may  be 
accomplished  by  destroying  the  pupae  of  the  Elm  Leaf-Beetle 
as  they  congregate  at  the  base  of  trees.  They  may  be  gathered 
and  burned,  or  drenched  with  a  mixture  of  I  Ib.  of  whale-oil 
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soap  dissolved  in  5  gallons  of  water,  or  with  kerosene  (10  per 
cent.)  and  water  mixed  and  applied  with  a  pump  made  especially 
for  the  purpose. 

In  the  winter  the  belfries  and  towers  of  all  public  buildings 
should  be  searched  and  the  beetles  found  in  them  carefully 
gathered  up  and  burned.  Vast  numbers  of  them  are  often 
found  in  such  places. 

As  the  females  of  the  canker  worm  and  of  the  white-marked 
tussock  moth  are  wingless,  trees  may  be  protected  against  them 
by  putting  sticky  bands  around  the  trunks  of  the  trees.  A 
strip  of  tarred  paper  five  inches  wide,  tacked  around  the  tree 
and  covered  with  a  quarter-inch  layer  of  printers'  ink,  makes 
a  serviceable  band.  Cotton  batting  should  be  placed  under  the 
paper  to  prevent  insects  from  crawling  beneath  it.  The  ink 
will  harden  after  a  few  weeks,  but  may  be  kept  soft  and  sticky 
by  brushing  it  over  occasionally  with  black  Virginia  oil  such  as 
is  used  for  lubricating  the  axles  of  freight  cars.  The  ink  and 
oil  should  not  be  spread  on  the  bark  of  the  trees. 

Several  forms  of  metal  protectors  are  on  the  market,  but  all 
need  frequent  attention  to  keep  them  in  good  condition.  All 
forms  of  bands  and  protectors  are  unsightly  and  are  not  needed 
where  spraying  is  practiced. 

Remedies  for  Sucking  Insects.  All  the  sucking  insects 
that  have  been  named  above  or  that  are  liable  to  injure  shade 
trees  must  be  destroyed  by  something  that  will  kill  by  contact, 
as  they  do  not  take  the  arsenical  poisons  into  their  system. 
The  cheapest  and  most  efficient  of  these  insecticides  is  kerosene 
oil  and  water,  but  a  pump  of  special  pattern  is  necessary  to 
apply  it.  A  mixture  containing  fifteen  per  cent,  of  kerosene 
will  kill  most  sucking  insects  without  injury  to  the  foliage  of 
the  trees.  One  pound  of  whale-oil  soap  in  five  gallons  of  water 
is  also  an  efficient  remedy. 

Remedies  for  Borers.  Borers  are  more  liable  to  attack  trees 
which  have  been  weakened  or  injured  than  healthy  and  vigorous 
specimens  and  often  attack  that  portion  of  a  tree  where  large 
branches  have  been  cut  off  in  a  careless  way  and  decay  has 
begun.  This  form  of  attack  is  shown  in  Plate  XIII,  figure  13. 
The  maple  borer,  however,  sometimes  attacks  strong  trees. 
Constant  watchfulness  will  detect  the  borers  when  they  begin 
their  work  and  they  may  then  be  destroyed  by  injecting  carbon- 
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bisulphide  into  the  tunnel  which  they  make  and  plugging  it 
tight  with  putty.  Sometimes  they  can  be  killed  by  running  a 
wire  into  the  burrow,  but  it  is  often  necessary  to  dig  them  out 
and  properly  dress  the  wound  with  paint.  The  very  best  pre- 
ventive is  to  keep  all  trees  in  a  perfectly  healthy  and  vigorous 
condition. 

We  advise  that  the  elm  trees  on  the  "Green"  and  on  other 
centrally  located  public  squares  of  New  Haven  be  sprayed  for 
a  few  years  to  reduce  as  much  as  possible  the  injury  sure  to  be 
caused  by  the  elm  leaf-beetle,  canker-worm  and  other  leaf- 
eating  insects.  It  does  not  seem  practicable  to  attempt  to  spray 
all  street  trees,  but  suitable  equipment  should  be  procured  so 
that  at  a  day's  notice  any  tree  in  any  street  of  the  city  can  be 
sprayed  when  it  is  found  that  any  insect  pest  is  threatening 
serious  damage. 

Such  equipment  should  contain  at  least  one  power  spraying 
outfit  for  large  trees,  and  three  hand  barrel  pumps,  of  which 
two  are  of  the  special  form  for  mixing  kerosene  and  water, 
together  with  plenty  of  J/£  inch  hose,  couplers,  extensions, 
nozzles,  etc.,*  constructed  especially  for  spraying  purposes. 
The  cost  of  such  an  outfit  would  be  not  far  from  $500.00. 

Though  the  members  of  this  committee  have  not  had  oppor- 
tunity to  test  the  various  power  sprayers  on  the  market,  we 
believe  that  an  outfit  such  as  devised  for  use  in  the  parks  of 
New  York  City  by  Dr.  E.  B.  Southwick,  Entomologist  of  the 
Park  Commission,  is  the  best  and  most  economical  equipment 
for  New  Haven.  This  outfit  consists  of  a  "Daimler"  gasoline 
motor  operating  a  Gould's  force  pump.  Motor  and  pump 
together  weigh  but  300  Ibs.  and  may  be  placed  on  a  spring 
wagon  with  the  tank  containing  the  insecticide.  This  motor 
requires  very  little  attention  and  is  economical,  as  a  gallon  of 
gasolene  per  day,  it  is  stated,  is  all  that  is  required  for  fuel. 

Hand  barrel  pumps  with  the  kerosene  attachment  are  made 
by  the  Deming  Co.,  Salem,  Ohio,  and  The  Gould's  Mfg.  Co. 
of  Seneca  Falls,  N.  Y.  The  kerosene  attachment  may  be 
removed  and  the  pumps  can  then  be  used  to  apply  any  mixture. 

Such  pumps  (without  the  kerosene  attachment)  made  by 
Merrill  &  Morley  of  Benton  Harbor,  Mich,  and  The  Gould's 

*The  city  of  Springfield  is  equipped  with  two  power  sprayers  and 
twelve  barrel  pumps.  See  Report  of  City  Forester  for  1899,  p.  4. 
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Mfg.  Co.  of  Seneca  Falls,  N.  Y.,  have  been  in  use  for  several 
years  at  the  Experiment  Station  and  have  given  satisfaction. 

One  of  the  best  nozzles  for  spraying  trees  is  the  "McGowen," 
made  by  J.  J.  McGowen,  Ithaca,  N.  Y.  For  small  trees  or 
shrubs,  the  "Vermorel"  is  excellent  and  may  be  obtained  from 
any  pump  manufacturer. 

The  general  appearance  of  the  spraying  apparatus  mentioned 
above  is  well  shown  in  Plates  XIV  and  XV,  figures  14  and  15, 
which  were  kindly  supplied  by  Dr.  E.  P.  Felt,  Entomologist  of 
the  State  of  New  York. 

In  reference  to  the  cost  of  spraying  trees,  we  cite  the  follow- 
ing from  page  21,  Bulletin  No.  20,  Vol.  5,  of  the  New  York- 
State  Museum,  "On  the  Elm  Leaf-Beetle  in  New  York  State," 
prepared  by  Dr.  Felt,  the  State  Entomologist: 

"Cost  of  Spraying  Elms.  I  have  taken  some  pains  to  ascertain 
the  precise  cost  of  spraying  per  tree  in  the  hope  of  encouraging 
those  to  whom  this  would  be  a  serious  item.  It  is  pleasant 
to  record  that  the  expense  is  much  lower  than  I  had  supposed. 
Dr.  Smith,  of  the  New  Jersey  Agricultural  Experiment  Station, 
has  kindly  supplied  the  following  data.  The  elms  on  the  col- 
lege campus  at  New  Brunswick  are  50  to  75  feet  high  and  were 
sprayed  at  odd  times  by  the  janitors,  it  requiring  about  an  hour 
or  two  with  force  pump,  tank  and  ladders  to  treat  one  tree. 
The  poison  necessary  for  each  spraying  was  worth  about  six 
cents.  It  will  thus  be  seen  that  the  cost  per  tree  would  be 
between  36  and  56  cents,  varying  with  the  price  of  labor.  In 
the  city  of  New  Brunswick  the  trees  were  sprayed  at  a  contract 
price  of  one  dollar  for  the  season,  the  understanding  being  that 
they  were  to  receive  three  treatments  if  necessary.  The  con- 
tractor prepared  the  outfit,  furnished  the  material,  did  the  spray- 
ing at  the  price  mentioned  and  had  a  neat  margin  remaining. 

Mr.  Kirkland,  Assistant  State  Entomologist  of  Massachusetts, 
has  kindly  supplied  me  with  the  following  figures.  A  grove  of 
over  200  red  and  white  oaks  ranging  in  height  from  40  to  70 
feet  were  sprayed  once  at  an  expense  of  49  cents  per  tree.  In 
this  instance  arsenate  of  lead  was  used  at  the  rate  of  20  Ibs.  to 
150  gallons  of  water,  a  considerably  stronger  mixture  than 
would  be  necessary  for  the  larvae  of  the  elm-beetle.  In  addition, 
he  estimated  the  expense  of  spraying  smaller  trees,  20  to  40 
feet  high,  at  15  to  20  cents  per  tree. 

The  cost  of  spraying  the  elms  in  Albany  this  season,  aside 
from  wear  and  tear  of  the  apparatus,  is  considerably  less  than 
the  figures  above  given.  The  trees  present  a  wide  range  in 
size,  although  the  majority  are  from  50  to  about  70  feet  in 
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height.  Taking  them  as  they  come,  Mr.  Lewis  has  succeeded  in 
spraying  them  once  at  the  low  cost  of  about  15  cents  per  tree. 
This  is  largely  due  to  the  excellent  apparatus,  to  be  described 
later,  and  is  a  most  encouraging  feature  of  the  work. 

"It  is  hoped  that  these  figures  will  induce  private  individuals 
to  provide  protection  for  their  trees,  either  by  doing  the  spraying 
themselves  or  else  by  hiring  some  capable  party." 

We  are  informed  by  Mr.  Wirth,  Park  Superintendent  of 
Hartford,  that  the  cost  of  spraying  in  Bushnell  Park  last  sum- 
mer averaged  Si.oo  per  tree  and  that  the  benefit  to  the  trees 
was  well  worth  the  outlay.* 

VARIETIES  OF  TREES  SUITABLE  FOR  STREET  PLANTING. 

In  conclusion,  we  desire  to  say  a  few  words  regarding  the 
kinds  of  trees  which  it  is  desirable  to  plant  on  city  streets. 

New  Haven,  the  "Elm  City,"  has  for  many  years  been  noted 
for  the  beauty  of  its  elms,  and  it  seems  eminently  proper  that 
this  character  should  be  preserved.  It  is,  therefore,  recom- 
mended that  when  the  old  elms  die,  they  be  replaced  by  the 
same  species.  If  the  newly  set  trees  are  properly  cared  for, 
there  should  be  no  difficulty  in  producing  specimens  of  as  fine 
proportions  as  those  now  standing. 

Next  to  the  elm,  the  most  popular  tree  for  street  planting 
in  New  Haven  has  been  the  sugar  maple.  In  youth  it  forms  a 
compact,  oval,  or  egg-shaped  crown  of  remarkable  symmetry. 
With  advancing  age  the  top  becomes  broad  and  often  nearly 
flat,  giving  the  tree  an  expression  of  dignity,  which  it  altogether 
lacks  when  young.  It  is  transplanted  with  ease  and  thrives 
well  in  the  unfavorable  conditions  of  large  cities.  It  grows 
rapidly,  being  surpassed  in  this  respect  among  the  maples  only 
by  the  silver  variety. 

The  red  maple  seems  to  thrive  admirably  in  New  Haven. 
Although  it  is  surpassed  by  the  other  maples  in  grace  of  form, 
it  will  always  be  a  favorite  street  tree  on  account  of  its  scarlet 
flowers,  which  appear  early  in  spring,  and  its  brilliant  autumn 
foliage.  It  is  recommended  for  planting  in  New  Haven. 

The  silver  maple  has  been  planted  in  the  New  Haven  streets 
only  to  a  limited  extent.  In  its  natural  habitat  it  is  one  of  the 

*  The  recommendations  contained  in  the  report  regarding  the  method 
of  appointment  and  duties  of  a  city  Forester  and  regarding  the  estab- 
lishment of  a  city  nursery  are"  chiefly  of  local  interest  and  need  not 
here  be  reproduced. 
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most  beautiful  of  all  the  American  trees.  Unfortunately,  how- 
ever, it  is  fastidious  as  to  soil  and  situation,  and  the  specimens 
planted  in  cities  do  not  usually  do  justice  to  the  capabilities  of 
the  tree.  It  grows  with  great  rapidity  and  in  early  life  develops 
a  spreading  crown  with  long  drooping  branches.  The  wood  is 
soft  and  brittle,  especially  when  the  tree  does  not  find  congenial 
soil,  and  often  the  slender  trunks  are  unable  to  support  the  long 
branches,  which  ace  broken  by  their  own  weight.  Wind  and  ice 
storms  do  considerable  damage  to  the  silver  maple,  and  the 
soft  wood,  "when  exposed,  is  quickly  attacked  by  fungus  diseases 
which  eventually  kill  the  tree.  In  the  judgment  of  the  Com- 
mittee it  should  take  a  subordinate  place  among  the  trees  recom- 
mended for  planting  in  streets. 

The  Norway  maple  is  an  admirable  tree  for  street  planting. 
It  forms  a  large,  compact,  round  head  and  casts  a  very  heavy 
shade.  It  grows  more  slowly  than  the  trees  already  mentioned, 
but  it  has  the  advantage  of  requiring  but  little  care  after  plant- 
ing. It  is  perfectly  hardy  in  New  Haven. 

Of  the  trees  which  have  been  but  little  planted  in  New  Haven, 
the  Committee  would  specially  recommend  the  pin  oak,  tulip 
tree  and  sycamore. 

The  pin  oak  is  rapidly  coming  into  popularity  in  a  number 
of  cities.  It  is  distinguished  by  a  graceful  pyramidal  form  with 
drooping  lower  branches  which  often  sweep  the  ground.  It  is 
easily  transplanted  and  thrives  peculiarly  well  as  a  street  tree. 
Its  growth  is  apt  to  be  slow  directly  after  transplanting,  but 
in  a  few  years  it  is  able  to  keep  pace  with  most  other  trees.  It 
is  recommended  for  trial  in  New  Haven. 

There  are  a  number  of  other  oaks  which  might  well  be  tried 
in  our  streets,  as  the  red,  white  and  scarlet  varieties.  If  fre- 
quently transplanted  in  the  nursery  and  severely  pruned  before 
removal,  they  may  be  successfully  planted  in  cities. 

The  tulip  tree  grows  naturally  in  the  woods  near  New  Haven, 
and  will  doubtless  thrive  as  a  street  tree.  It  grows  rapidly  and 
during  the  period  of  its  principal  height  growth  forms  a  conical 
crown,  which  in  old  age  becomes  more  or  less  irregular.  It  is 
a  tree  of  great  dignity  and  should  be  given  a  trial  in  New 
Haven. 

For  broad  streets  the  sycamore  is  a  beautiful  and  appropriate 
tree.  Both  the  American  and  Oriental  varieties  are  used,  and 


35O        CONNECTICUT    EXPERIMENT    STATION    REPORT,    IQOO. 

both  develop  large  spreading  crowns  and  grow  with  great 
rapidity.  The  American  sycamore  is,  as  a  rule,  more  subject 
to  disease  than  the  Oriental  variety,  and  in  consequence  the 
latter  is  usually  given  the  preference. 

There  are  a  number  of  American  lindens  (basswood)  planted 
in  the  streets  and  parks  of  New  Haven.  This  species  grows 
rapidly  and  develops  a  large,  round  crown  which  casts  a  deep 
shade.  With  proper  care  the  American  linden  makes  an  excel- 
lent avenue  tree,  but  it  is  liable  to  be  injured  by  storms  and,  if 
it  is  neglected,  disease  is  apt  to  attack  the  wounds;  eventually 
killing  the  tree. 

The  European  varieties  of  linden  are  to  be  recommended  on 
account  of  the  perfect  symmetry  of  their  compact  crowns. 
They  thrive  admirably  in  this  climate. 

Ash  is  often  planted  as  a  street  tree,  but  its  tendency  to  fork 
and  to  become  straggling  makes  it  less  desirable  than  those 
already  mentioned. 

To  summarize  what  has  been  discussed  above,  we  make  the 
following 

RECOMMENDATIONS. 

1.  The  rigid  enforcement  of  those  city  ordinances  which  forbid  the 
bruising,  injuring,  or  destruction  of  trees,  and  the  fastening  of  animals 
to  trees  in  such  a  way  as  to  injure  them, 

2.  That  all  trees  standing  within  reach  of  horses  in  the  street  be 
protected  by  frames  or  wire  netting,  so  that  they  cannot  be  mutilated. 

3.  That  when  limbs  are  removed  from  trees,  greater  care  be  exer- 
cised to  cut  them  smoothly,  close  to,  and  even  with,  the  trunk  and  with- 
out tearing  the  trunk  bark.     The  exposed  wood  should  be  painted  with 
coal  tar. 

4.  That  the  stringing  of  electric  wires  be  done  only  under  the  super- 
vision of  the  Board  of  Public  Works,  and  that  this  supervision  be  paid 
for  by  the  company  doing  the  work. 

5.  That  when  trees  are  killed  by  gas  leakage  from  the  mains,  the 
owners  of  the  mains  be   required  to  pay  to  the  city  the  cost   of  the 
removal  of  the  trees  killed  and  of  planting  new  trees  in  their  places. 

6.  That  the  land  under  trees  in  the  city  parks  be  annually  dressed 
with  lime  and  with  odorless  fertilizer  of  the  composition  named,  at  a 
cost  of  from  $11.00  to  $12.00  per  acre. 

7.  That  on  new  streets,  when  the  building  line  is  far  enough  from 
the  street  line,  it  is  desirable  to  plant  just  in  front  of  the  property  line, 
rather  than  just  back  of  the  curb. 
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8.  That  the  elm  trees  on  the  Green  and  other  interior  parks  of  the 
city  be   sprayed   regularly   for   a  few  years,  and   thereafter  as   seems 
necessary,  in  the  way  prescribed. 

For  this  purpose  the  city  should  buy  a  spraying  outfit  of  approved 
construction,  such  as  has  been  described,  costing  about  $500.00. 

9.  That  in  winter  systematic  search  be  made   in  all  belfries  and 
towers  of  public  buildings,  and  that  the  elm  leaf-beetles,  which  winter 
in  great  numbers  in  such  places,  be  gathered  up  and  destroyed. 

10.  We   also    recommend    the    permanent    employment    of   a    City 
Forester,  who  should  have  charge  of  the  trees  in  all  respects. 

xi.  That,  in  case  such  an  officer  be  employed,  the  city  have  a 
nursery  of  from  three  to  five  acres  at  Springside  Farm,  where  trees 
suitable  for  planting  on  the  streets  and  interior  parks  can  be  grown. 

Since  the  foregoing  report  was  printed  and  issued  as  Bulletin 
131,  we  have  been  favored  with  the  comment  and  friendly  criti- 
cism of  tree  wardens,  city  foresters  and  others  who  had  special 
knowledge  of  the  subject. 

There  is  much  difference  of  opinion  as  to  the  best  season  for 
pruning  trees.  Mr.  Christopher  Clarke,  City  Forester  of 
Northampton,  Mass.,  strongly  recommends  that  shade  trees  be 
pruned  in  Xew  England  between  May  I5th  and  June  I5th.  He 
states  that  the  sugar  maple,  as  well  as  the  birches,  certainly  will 
bleed  excessively  if  winter  pruning  is  practiced. 

For  covering  the  wounds  made  by  cutting  off  branches,  it  is 
noted  that  coal  tar  injures  the  cambium  of  certain  kinds  of  trees 
and  small  trees  are  especially  liable  to  be  hurt  by  it.  Lead  paint, 
colored  like  the  bark  of  the  trees,  is  perfectly  safe  and  is  per- 
haps as  efficient  as  any  substance  used  as  a  dressing.  Prof. 
L.  H.  Bailey,  in  The  Pruning  Book,  page  113,  says:  "My 
conclusion  is,  after  having  had  the  question  in  mind  for  a  decade, 
that  a  heavy  application  of  lead  paint  is  the  best  all-round  dress- 
ing for  common  pruning  wounds." 
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OBSERVATIONS    ON   THE   FERTILIZATION   OF 
PEACH   ORCHARDS. 

BY  E.  H.  JENKINS. 

For  several  years  the  Station  has  carried  out  experiments  on 
this  subject.  One  of  them  is  here  described  as  matter  of 
record,  although  of  course  no  decisive  result  can  be  looked  for 
until  after  a  considerable  term  of  years.  The  peach  is  particu- 
larly unsatisfactory  as  an  experiment  crop  because  the  fruit, 
which  alone  furnishes  a  numerical  expression  of  the  effects  of 
fertilizers,  tillage  or  other  factors  of  growth,  cannot  be  expected 
each  year  and  sometimes  fails  for  a  number  of  years. 

The  experiment  here  described  is  on  land  of  Mr.  A.  E.  Plant 
in  Branford.  The  orchard  is  on  a  high  hill,  some  miles  from 
the  shore  of  Long  Island  Sound.  The  soil  is  a  gravelly  loam 
of  fairly  good  quality.  The  history  of  the  field  is  as  follows : 

After  lying  several  years  in  grass,  the  lot  was  plowed  in  the 
fall  of  1894,  was  dressed  during  the  winter  with  from  75  to 
i oo  bushels  of  unleached  Canada  ashes  per  acre,  and  was 
planted  to  peach  trees  in  the  Spring  of  1895,  the  varieties  being 
Mountain  Rose,  Champion  and  Early  Rivers.  Twelve  hundred 
pounds  of  Mapes'  corn  manure  were  applied  per  acre,  and  the 
orchard  planted  to  corn. 

The  following  winter,  1895-96,  75  to  100  bushels  of  unleached 
ashes  per  acre  were  again  put  on  the  land. 

In  the  Spring  of  1896,  there  were  laid  off  on  the  south  end 
of  the  orchard  eight  plots  or  blocks  of  trees.  Each  of  these 
plots  covered  about  one-third  of  an  acre  and  had  48  trees 
standing  on  it.  The  number  of  trees  of  the  three  varieties 
named  was  the  same  on  each  plot.  To  the  northern  half  of 
each  plot,  3^3  bushels  or  167  pounds  of  slaked  oyster  shell 
lime  were  applied. 

The  plots,  beginning  at  the  west  end,  were  marked  and 
fertilized  as  follows : 

A    65  pounds  of  muriate  of  potash,  160  pounds  of  acid  phosphate. 
B        " 

and  170  pounds  of  cotton  seed  meal. 

C    65  pounds  of  muriate  of  potash,  160  pounds  of  acid  phosphate. 
D  130       " 
E  260       " 

F  260       "        high  grade  sulphate  of  potash,  160  pounds  of  acid 
phosphate. 
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U.  S.  DEPARTMENT  or  AGRICULTURE, 

DIVISION  OF  ENTOMOLOGY, 
Washington,  D.  C.,  January  22,  1902. 

SIR:  In  the  temporary  absence  of  Dr.  L.  O.  Howard,  Chief  of  the 
Division  of  Entomology,  I  have  the  honor  to  transmit  herewith  the 
manuscript  of  a  paper  entitled  "Insect  Enemies  of  the  Pine  in  the  Black 
Hills  Forest  Reserve,"  by  Dr.  A.  D.  Hopkins,  Entomologist  of  the 
West  Virginia  Agricultural  Experiment  Station.  The  extensive  losses 
occasioned  in  recent  years  by  insects  to  forest  lands  in  various  portions 
of  the  United  States,  and  particularly  in  the  North  and  Northwestern 
regions,  have  attracted  great  attention,  and  have  necessitated  investi- 
gations as  to  the  character  of  the  injury  in  order  that  the  most  appro- 
priate methods  of  control  may  be  advised.  The  present  contribution 
is  the  third  of  a  series  bearing  upon  the  insect  enemies  of  coniferous 
trees,  and  comprises  a  summarized  account  of  results  of  a  special 
investigation  that  was  made  during  the  year  1901  under  instructions 
from  this  Division  and  with  the  cooperation  of  Mr.  Gifford  Pinchot, 
Forester  of  this  Department,  together  with  a  consideration  of  valuable 
suggestions  for  preventing  losses,  based  upon  studies  by  Dr.  Hopkins 
extending  over  a  number  of  years.  I  recommend  its  early  publication 
as  Bulletin  No.  32,  new  series,  of  this  Division. 
Respectfully, 

F.  H.  CHITTENDEN. 

Acting  .En tojnf>loc/!xf. 
Hon.  JAMES  WILSON, 

Secretary  of  Agriculture. 
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INSECT  ENEMIES  OF  THE  PINE  IN  THE  BLACK  HILLS 
FOREST  RESERVE. 


REQUEST,  AUTHORIZATION,  AND  INSTRUCTIONS. 

The  work  herein  reported  was  undertaken  by  request  of  Mr.  Gifford 
Pinchot,  Chief  of  the  Bureau  of  Forestry,  under  authorization  from 
the  honorable  Secretary  of  Agriculture  and  instructions  from  Dr.  L.O. 
Howard,  Chief  of  the  Division  of  Entomology. 

THE  INVESTIGATING  TRIP. 

The  investigations  were  conducted,  in  company  with  Mr.  Pinchot 
and  his  chief  field  assistant,  Mr.  Griffith,  on  September  1  to  tt,  1901, 
along  a  route  traversed  through  the  reserve  from  Spearfish,  via  Iron 
Creek,  Bear  Gulch,  and  Cement  Ridge,  South  Dakota,  Rifle  Pit, 
Wyoming,  and  Spearfish  Creek,  to  Lead,  S.  Dak. 

THE  CONDITIONS  OBSERVED. 

Vast  numbers  of  rock  pine  (P Inus  ponderosa  scopulorum)  that  were 
dying,  or  had  died  within  recent  years,  of  sizes  ranging  in  diameter 
from  i  inches  to  the  largest  trees,  were  observed  along  the  route. 
The  dying  trees  occur  in  clumps  of  from  a  few  examples  to  many 
hundreds,  and  in  some  sections,  as  viewed  from  the  summit  of  Cement 
Ridge  and  other  favorable  points,  the  dying,  recently  dead,  and  old 
dead  trees  cover  large  areas. 

THE  AMOUNT  OF  DEAD  TIMBER. 

Mr.  H.  S.  Graves a  estimated  in  1897  that  about  3,000  acres  of  pine 
in  the  Black  Hills  Forest  Reserve  had  been  killed.  Further  data  fur- 
nished by  the  Bureau  of  Forestry  show  that  the  actual  amount  of  dead 
timber,  as  determined  by  Mr.  Griffith  and  party  in  a  detailed  survey  of 
the  timber  resources  of  the  reserve  in  1901,  is,  "An  average  stand  of 
1,956  feet  board  measure  of  bug-killed  timber  on  116,000  acres,  giving 
a  total  of  226,890,000  feet  board  measure." 

HISTORICAL  REFERENCES. 

It  is  the  general  opinion  among  settlers  and  others  who  have  had  an 
opportunity  to  note  the  conditions  affecting  the  pine  that  the  dying 
timber  commenced  to  attract  attention  about  six  or  seven  years  ago, 
or  about  1895. 

a  Nineteenth  Annual  Report  U.  S.  Geological  Survey,  1897-98,  Part  V,  p.  87. 
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The  evidence  found  by  the  writer  in  old  dead  standing  and  felled 
trees  indicates  that  the  pine-destroying  beetle  has  been  present  for  a 
much  longer  time.  It  was  also  evident  that  much  of  the  devastation 
supposed  to  have  been  caused  by  forest  fires  was  caused,  primarily,  by 
insects. 

Mr.  Graves,  in  his  exhaustive  report  on  the  Black  Hills  Forest 
Reserve,11  refers,  on  page  87,  to  insects  and  the  dead  pine  timber  as 
follows: 

On  the  high  limestone  divide,  from  near  Crook  Tower  to  the  head  of  Little  Spear- 
fish  Creek,  there  are  numerous  patches  of  dead  and  dying  timber.  These  patches 
are  usually  rectangular  in  shape  and  follow  the  tops  of  the  divide  and  ridges,  or  rim 
lengthwise  up  and  down  the  slope.  This  forest  has  for  the  most  part  not  been  lately 
burned,  and  there  is  a  heavy  matting  of  litter  and  humus  on  the  ground.  The  injury 
is  confined  to  the  limestone  formation  and  to  high  elevations.  The  trees  are  in  many 
cases  second  growth  and  apparently  perfectly  thrifty.  This  injury  is  probably 
caused  by  insects.  On  all  dead  and  dying  trees  examined  were  found  bark  borers,  a 
species  of  the  Scolytidaj,  working  under  the  bark.  In  most  cases  the  leaves  were 
clinging  to  trees  which  had  been  dead  for  several  seasons.  While  these  borers  do  not, 
as  a  rule,  attack  vigorous  trees,  no  other  cause  of  the  death  of  this  timber  could  be 
found. 

Mr.  H.  E.  Dewey,  writing  to  the  Division  of  Entomology  from  Lead, 
S.  Dak.,  on  August  12,  1899,  stated: 

*  *  *  There  have  been  none  in  the  trees  this  year  until  last  Wednesday,  the 
9th.  On  that  day  there  was  a  southwest  wind,  and  a  swarm  of  them  came.  My 
dwelling  is  in  what  was  a  grove  of  young  native  Black  Hills  pines.  The  bugs  settled 
on  the  house  like  a  plague  of  locusts.  At  night  they  left  the  house  and  scattered 
about.  I  have  examined  the  trees,  and  with  one  exception  do  not  find  that  they 
attacked  them.  This  one  excepted  tree  is  a  sight.  Hundreds  of  bugs  settled  on  it 
during  the  night,  and  by  morning  they  had  buried  themselves  out  of  sight  in  the 
trunk.  As  they  bored  their  way  in,  the  dust  from  their  boring,  which  was  very 
fine,  filtered  out  from  the  top  to  the  bottom  of  the  tree  like  fine  sawdust,  and  fell 
about  the  tree  on  the  ground.  They  could  be  plainly  heard  at  their  work  as  they 
bored  into  the  wood.  The  tree  was  a  vigorous  young  pine  about  15  feet  high  and  6 
inches  in  diameter  at  the  ground,  and  there  is  no  apparent  reason  why  they  should 
select  it  more  than  others.  Last  year  they  were  here  in  June. 

The  following  copy  of  a  letter  addressed  to  the  Department  of  the 
Interior,  Division  of  Forestry,  was  submitted  to  the  author  from  the 
Division  of  Entomology,  with  a  specimen  of  the  insect,  which,  together 
with  the  specimens  sent  with  Mr.  Dewey's  letter,  formed  the  material 
from  which  the  species  was  named  and  descriptive  notes  were  made. 
The  letter  is  dated  Piedmont,  S.  Dak.,  August  M,  1898,  and  reads  as 
follows: 

Many  of  the  pine  trees  in  this  vicinity  are  dying.  Small  holes  appear  in  the  bark, 
a  reddish  pitch  exudes,  the  leaves  turn  brown,  and  in  a  few  weeks  the  tree  dies.  I 
think  the  mischief  is  done  by  the  small  black  insect  inclosed  herewith,  which  I  found 
in  one  of  the  holes.  Is  there  any  remedy? 

a  Nineteenth  Annual  Report  U.  S.  Geological  Survey,  1897-98,  Part  V,  pp.  67-164. 
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PLATE  I. 


WORK  OF  THE  PINE-DESTROYING  BEETLE  OF  THE  BLACK  HILLS  (DENDROCTONUS 

PONDEROSA    N.   SPJ.      PRIMARY    GALLERIES    AND    LARVAL    MlNES    IN    INNER    SUR- 
FACE OF  LIVING  BARK. 

a,  Entrance  and  basal  chamber:  b,  ventilating  holes  in  roof  of  gallery;  c,  termination. 
The  larval  mines  radiate  from  the  primary  galleries.  About  one-half  natural  size. 
(Original.) 
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PLATE  II. 


WORK  OF  THE  COARSE-WRITING  TOMICUS,  IN  INNER  SURFACE  OF  BARK  FROM 

DYING  PINE. 

a   Entrance;  6,  central  chamber;  c,  primary  or  egg  galleries.    Reduced  about  one-half. 

(Original.) 


THE   TROUBLE   CAUSED   BY   INSECTS. 

The  evidence  obtained  from  a  study  of  Jill  stupes  of  the  afflicted  tim- 
ber, including  the  living,  dying,  recently  dead,  and  old  dead  trees,  of 
all  sixes,  and  under  widely  varying  conditions  of  altitude,  exposure, 
geological  formation,  soil,  and  character  of  growth,  indicates  quite 
clearly  that  this  widespread,  unhealthy,  dying,  and  dead  condition  of 
the  timber  is  the  work  of  insects. 

THE   PRIMARY   ENEMY. 

The  evidence  found  also  clearly  indicates  that  the  insect  which  makes 
the  first  attack  on  the  living  trees,  and  therefore  the  primary  cause  of 
the  trouble,  is  a  small,  black,  bark-boring  beetle,  belonging  to  a  species 
heretofore  unknown  to  science,  and  appears  to  be  peculiar  to  the  Black 
Hills  region. a 

NAME    OF   THE    BEETLE. 

Since  this  primary  enemy  has  not  been  distinguished  from  a  number 
of  other  bark  beetles  found  in  the  infested  trees,  it  has  not  been  desig- 


FIG.  1.— Work  of  the  pine-destroying  beetle  of  the  Black  Hill.s,  in  inner  bark  of  dead  tree,    a,  pri- 
marygalleries:  6,larvsemines:  c,  pup?e  chambers;  <7,exitholes.    Reduced  about  one-half  (original). 

nated  by  a  local  name.     1  would  therefore  suggest  that  hereafter  it  be 
designated  as  "the  pine-destroying  beetle  of  the  Black  Hills,"  and  by 

a  Since  this  was  written  it  has  been  reported  from  Colorado. — A.  D.  H. 
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the  technical  or  Latin  name  Dendroctonus  ponderosa*  The  adult  is  a 
stout,  dark-brown  to  black  beetle,  individuals  of  which  vary  in  length 
from  4  to  7  mm.  (about  one-sixth  to  one-fourth  inch).  They  attack 
living  and  healthy  large  and  small  pine  trees,  enter  the  bark  on  the 
main  trunk,  and  each  pair  excavates  a  long,  nearly  straight,  longitudi- 
nal galleiy  through  the  inner  bark  (PL  I  and  fig.  1),  usually  grooving 
the  surface  of  the  wood.  Eggs  are  deposited  along  the  sides  of  this 
primary  gallery  and  hatch  into  minute  white  grubs  (larvae),  which 
excavate  mines  through  the  bark  at  right  angles  to  the  primary  gallery 
(fig.  1,  Z>).  These  mines  are  extended  and  enlarged  as  the  larvae 

increase  in  size,  and  when 
full  grown  each  individual 
excavates  a  broad,  oval 
cavity  in  the  bark  (fig.  1, 
<?),  in  which  it  transforms 
to  a  soft,  white  pupa,  and 
then  to  the  adult,  which 
bores  out  through  the  bark 
(fig.  1,  d),  and  flies,  with 
other  adults  of  the  same 
and  other  broods,  in  search 
of  other  living  trees  in 
which  to  excavate  galleries 
and  deposit  eggs  for  an- 
other brood. 

SECONDARY  ENEMIES. 

Many  other  species  of 
bark  beetles  and  other 
bark  and  wood  infesting 
insects  were  found  asso- 
ciated with  the  primary 
enemy  in  the  partly  living 
bark  of  infested  and  dying 
trees,  but  none  of  them  were  found  making  an  independent  attack  on 
living  trees.  Therefore  they  must  be  considered  as  secondary  ene- 
mies, which  follow  the  leader  in  the  attack,  and  merely  contribute  to 
the  rapid  and  certain  death  of  the  trees  thus  infested. 

The  Oregon  Tomicus  (Tomicus  oregoni  Eichh.). — This  is  a  small  red- 
dish to  black  bark  beetle,  individuals  of  which  vary  in  length  from 
3.5  mm.  to  4  mm.  It  follows  closely  the  attack  of  the  pine-destroying 
beetle,  and  enters  the  bark  on  the  large  and  medium  sized  branches 
and  toward  the  top  of  the  main  stem.  Several  females  excavate  radi- 

aThis  species  has  heretofore  been  erroneously  identified  as  D.  terebrans  and  D. 
rufipennis,  and  will  probably  be  found  so  labeled  in  some  collections. 


FIG.  2.— Work  of  the  Oregon  Tomicus  ( Tomicus  oregoni  Eichh. ) . 
Primary  galleries  and  larval  mines  in  inner  bark,  ft,  En- 
trance; b,  central  chamber  excavated  through  inner  bark; 
c,  egg  galleries;  d,  location  of  central  chamber  not  exca- 
vated through  inner  bark.  Reduced  about  one-half  (origi- 
nal). 
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ating  galleries  from  a  single  entrance  and  a  central  chamber  (fig.  2,  a 
and  &).  The  central  chamber  may  (a),  or  may  not  (#),  extend  through 
the  inner  layers  of  bark  and  groove  the  surface  of  the  wood,  but  the 
radiating  galleries  are  nearly  always  grooved  in  the  surface  of  the 
wood,  us  are  also  the  egg  cavities,  which  are  excavated  at  short  inter 
vals  along  the  sides  (tigs.  3  and  4).  These  grooved  and  notched  carv- 
ings are  often  very  conspicuous  in  the  surface  of  the  wood  of  trees 
and  logs  for  many  years  after  the  bark  is  removed  or  has  fallen  away. 
The  number  of  galleries  branching  from  the  central  chamber  varies 
from  two  to  five  or 
six,  but  the  normal 
number  is  four — two 
above  and  two  below 
the  entrance.  The 
mode  of  development 
of  the  young  stages  is 
the  same  as  in  the  pre- 
ceding species.  (See 
PL  V.) 

This  is  a  common 
enemy  of  the  rock  pine 
( /  V/f  us  pon  derosa  sco- 
pulorum)  throughout 
the  Rocky  Mountain 
region  and  of  P.  pon- 
der os  a  west  of  the 
mountains.  It  is  ever 
ready  to  attack  and 
prevent  the  recovery 
of  trees  of  all  sizes 
which  are  suffering 
from  weakened  vital- 
ity. It  is  also  at- 
tracted to  recently 
felled  trees,  and  breeds 
in  enormous  numbers 
in  the  bark  on  the  tops  and  branches.  The  species  was  found  to  be 
exceedingly  common  in  trees  infested  by  the  pine  destroyer  and  on  the 
logs  and  tops  of  those  felled  by  the  lumbermen. 

The  coarse-writing  bark-beetle  (Tomicus  calligraplius  Germ.  var.  occi- 
dentalis). — This  is  much  larger  than  the  Oregon  Tomicus,  but  is  of  the 
same  color  and  general  form.  Individuals  vary  in  length  from  4.5  mm. 
to  6.5  mm.  This  species  also  follows  closely  the  first  attack  by  the 
pine  destroyer.  It  enters  the  bark  from  near  the  base  to  toward  the 


FIG.  3.— Work  of  the  Oregon  Tomicus.  Primary  galleries  engraved 
in  surface  of  wood.  Central  chamber  not  extending  into  wood 
except  at  a.  Reduced  about  one-half  (original). 
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top  of  the  tree,  and  excavates  three  or  four  long  longitudinal  galleries 
from  a  single  entrance  and  broad  central  chamber  (PI.  II).  The  cen- 
tral chambers  and  galleries  are  usually  grooved  in  the  surface  of  the 
wood,  but  can  be  readily  distinguished  from  those  made  by  the  Oregon 
Tomicus.  It  is  a  common  and 'widely  distributed  species  over  the 
greater  part  of  the  pine-producing  areas  of  the  United  States  from 
the  Atlantic  coast  to  and  including  the  Rocky  Mountain  region. a  It 
attacks  all  of  the  Eastern  and  Southern  pines,  and  doubtless  several 
of  the  Western  pines  in  addition  to  the  rock  pine,  in  which  it  was 

found  in  large  numbers 
in  the  Black  Hills  region. 
The  wood  -  engraving 
Tomicus  (Tomicus  ccela- 
tus  Eichh.).— This  is  a 
much  smaller  and  more 
slender  bark  beetle  than 
the  two  preceding  spe- 
cies. Individuals  vary 
in  length  from  2.6  mm. 
to  3.2  mm.,  and  in  color 
from  dark  red  to  dull 
black.  This  is  also  a 
common,  widely  distrib- 
uted, and  variable  spe- 
cies. It  extends  from 
the  Atlantic  to  the  Pa- 
cific, and  infests  all  of 
the  Eastern  and  South- 
ern pines  and  spruces.  A 
variet}T  (var.  scopulorum 
n.  var.)  was  found  in  the 
rock  pine  of  the  Black 
Hills,  and  has  been  col- 
lected by  the  writer  from 
a  number  of  other  spe- 
cies of  Western  pines.  It  attacks  and  breeds  in  the  inner  bark  on  the 
roots,  trunks,  and  branches  of  weakened  arid  dying-  standing  trees  of 
all  ages  and  sizes,  from  the  very  young  to  the  oldest  and  largest.  It 
also  breeds  in  immense  numbers  in  the  stumps,  logs,  and  tops  of 
recently  felled  trees. 

The  dark-red  turpentine  beetle  (Dendroctonus  valens  Lee.) — This  is  the 
largest  of  the  known  North  American  bark  beetles.  The  adults  vary 
in  length  from  6  mm.  to  9.5  mm.  It  attacks  the  bark  on  the  base  of  liv- 


FIG.  4. — Work  of  the  Oregon  Tomicus.  Primary  galleries  en- 
graved in  surface  of  wood.  Central  chamber  extending  into 
wood.  Reduced  about  one-half  (original). 


a  The  Western  form  seems  to  be  sufficiently  different  in  some  minor  characters  to 
warrant  this  distinction  in  variety  name — occidentalis. 
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ing  and  dying  standing  trees  and  the  stumps  of  felled  ones,  and  exca- 
vates a  broad,  crooked,  longitudinal  gallery.  The  eggs  are  deposited 
in  masses  along  one  side,  and  when  they  hatch  the  larvrc  work  together 
and  excavate  a  broad  chamber,  instead  of  making  individual  larval  bur- 
rows, as  is  the  rule  with  most  other  species.  One  of  the  striking  pecul- 
iarities of  this  insect  is  the  habit  of  the  adult  and  larva  of  living  in 
the  quantity  of  semiliquid  pitch  or  turpentine  which  accumulates  in 
the  primary  gallery  and  brood  chamber.  While  this  beetle  is  capable 
of  attacking  and  developing  its  broods  in  the  bark  of  a  living,  healthy 
tree,  it  seldom  causes  the  death  of  trees  unaided  by  other  insects.  It 
does,  however,  contribute  to 
the  death  of  trees  attacked  by 
the  pi  lie-destroy  ing  and  other 
destructive  beetles.  It  is  a 
common  insect  in  the  Rocky 
Mountain  region  and  west  to 
the  Cascades.  A  variety  (Den- 
droctonus  miens  orientalis)  is 
common  in  the  East,  attacking 
in  the  same  manner  all  of  the 
Eastern  pines. 

The  Western  pine  llylur- 
(jop*  (Ift/lx/r/ops  subcostulatus 
Mann.). — This  is  a  common, 
dull  brown  to  black  bark  beetle, 
ranging  in  length  from  3. 5  mm. 
to  4.5  mm.,  which  attacks  and 
breeds  in  the  bark  on  the  roots 
and  bases  of  dying  trees  and  the 
stumps  and  logs  of  felled  ones. 
It  excavates  a  single  longitudi- 
nal gallery,  and  the  broods  de- 
velop in  confused  or  irregular 
larval  mines  in  the  inner  bark, 
but  rarely  groove  the  surface 
of  the  wood.  This  is  one  of 
the  commonest  bark  beetles 
from  the  Rocky  Mountain  region  to  the  Pacific  coast,  and  will  evi- 
dently be  found  wherever  the  rock  pine  or  Western  yellow  pine  grows. 

The  pine-root  bark-beetle  (Hylastes  porosus  Lee.). — This  is  a  black, 
elongate,  slender  bark  beetle,  varying  in  length  from  4  mm.  to  5  mm. 
It  attacks  the  bark  on  the  roots  of  the  Western  pine  and  excavates  a 
single  longitudinal  gallery  from  which  the  brood  burrows  radiate, 
and  the  broods  develop  in  the  usual  manner.  It  was  found  in  the 
bark  on  the  roots  of  young  seedling  pines  which  had  recently  died, 


FIG.  5.— Work  of  the  rock  pine  wood  engraver  (Pi- 
tyogenes  cariniceps  Lee.).  Primary  galleries  and 
larval  mines  in  inner  bark  and  surface  of  wood. 
Reduced  about  one  half  (original). 
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and  also  in  the  bark  on  the  roots  of  the  stump  of  a  recently  felled 
tree  in  the  Black  Hills.  This  is  also  a  common  species  of  the  Rocky 
Mountain  pine  regions. 

Branch  and  twig  beetles. — The  large  and  small  branches  and  termi- 
nal twigs  of  the  trees  that  were  dying  from  the  attack  of  the  pine- 
destroying  beetle  were  found  to  be  infested  by  a  number  of  described 
and  undescribed  species  of  the  genus  Pityophthorus  and  by  Pityogenes 
cariniceps,  all  of  which  attack  the  bark  as  soon  as  the  trees  commence 
to  die,  and  contribute,  more  or  less,  to  hastening  the  death  of  the  trees. 

Ambrosia  or  timber  beetles  and  wood-boring  grubs.— The  wood  of  the 
trees  was  found  to  be  infested  by  the  Western  hemlock  wood  stainer 
(GnatJiotrichus  sulcatus  Lee.),  the  Western  pine  wood  stainer  (Gnatho- 
trichus  occidentalis  Hopk.  MS.),  and  several  unidentified  Buprestid 
and  Ceramb}^cid  larvae,  which  attack  the  trees,  and  when  the}7  com- 
mence to  die  bore  into  the  sapwood  and  contribute  to  its  rapid  decay 
by  giving  entrance  through  their  burrows  to  wood-decaying  fungi. 

SMALL  TREES  DYING  FROM  OTHER  CAUSES.   ' 

The  rock-pine  pitch  worm. — In  addition  to  the  trees  killed  by  the 
pine-destro}Ting  beetle,  quite  a  number  of  young  pines  2  and  3  inches 
in  diameter  were  found  in  the  vicinity  of  Spearfish  and  Crow  Peak 
that  were  seriously  injured  b}r  the  larva  of  an  undetermined  Sesiid 
moth  working  in  the  living  bark  of  the  main  stem  and  causing  ugly 
wounds.  Successive  attacks  on  the  same  tree  weaken  its  vitality  and 
attract  the  Oregon  Tomicus  and  species  of  Pit}Togenes  and  Pityophtho- 
rus, which  infest  the  main  stem  and  branches,  while  a  number  of  the 
root-infesting  bark  beetles  and  a  pine  weevil  attack  the  base  and  roots, 
and  the  tree  soon  dies.  Only  a  dead  and  diy  larva  and  a  dead  chrysa- 
lis of  this  insect  were  found.  The  characters  exhibited  by  these  speci- 
mens do  not  agree  with  the  descriptions  of  the  larva  of  the  sequoia 
and  pine-destroying  Sesiid  (Bembecia  sequoia=  Vespamima  sequoice  Hy. 
Edw.a)  or  of  the  larva  and  chrysalis  of  the  pine  Sesiid  (Harmonia 
pini=  Parharmonia  pini  Kellicott b). 

The  destructive  habits  of  this  class  of  enemies  of  trees  (which 
includes  the  common  peach-tree  borer)  suggest  that  this  may  be  a 
common  and  destructive  enemy  of  u  reproduction  "  pines  in  the  Black 
Hills  and  other  pine-producing  areas  of  the  WTest. 

The  pine  weevil. — In  another  section  near  the  WTyoming  and  South 
Dakota  lines  many  young  trees  were  observed  which  were  apparently 
d}nng  from  the  attack  of  a  pine  weevil  (Pissodes  sp.),  or  the  combined 
attacks  of  this  insect,  a  root  fungus  disease,  and  a  number  of  species 
of  bark  beetles. 

aMem.  Am.  Mus.  Nat.  Hist.,  vol.  1,  part  vi,  Mongr.  Sesiidae.  Am.  North  of  Mex. 
1901,  p.  263,  with  bib.  ref. 
blbid.,  p.  264. 
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INSECT  ENEMIES  OF  THE  FOLIAGE. 

tittle  time  was  had  to  collect  or  study  the  enemies  of  the  foliage, 
it  from  general  observations  there  was  no  perceptible  injury  from 
this  class  of  depredators. 

NATURAL   ENEMIES    OF   THE  DESTRUCTIVE  AND  INJURIOUS 

INSECTS. 

Numerous  species  of  predaceous.  and  parasitic  insects  were  found 
associated  with  the  primary  and  secondary  enemies.  Some  evidence 
was  found  of  the  beneficial  work  of  birds,  and  a  few  examples  of  the 
pine-destroying  beetle  were  found  that  had  been  killed  by  a  disease, 
but  in  no  case  was  there  sufficient  evidence  to  indicate  that  anjT  of 
these  natural  enemies,  or  all  combined,  were  in  sufficient  numbers  to 
render  any  special  service  toward  bringing  the  trouble  to  an  end. 
They  were  undoubtedly  rendering  some  service,  however,  in  prevent- 
ing the  rapid  multiplication  of  the  pine  destroyer,  which  would  other- 
wise occur. 

PREDACEOUS   ENEMIES. 

TJir  1)1  uish-green predaceous  beetle  (Trogosita  virescens  Fab.). — This  is 
an  elongate,  flattened,  shining,  green  beetle,  varying  in  length  from 
10  mm.  to  13  mm.,  and  in  width  from  3  mm.  to  4  mm.  The  larva 
is  a  long,  slender,  reddish  to  whitish  worm,  with  shining  black  head 
and  prothoracic  plates.  This  recognized  predatory  enemy  of  bark- 
infesting  insects  was  frequently  found  associated  with  colonies  of  the 
pine-destroying  beetle  and  the  secondary  enemies,  and  a  few  adults 
were  found  hiding  beneath  the  flakes  of  outer  bark.  This  widely  dis- 
tributed insect  in  North  America  has  not  been  sufficiently  studied  to 
determine  its  true  relation  to  the  destructive  enemies  of  the  trees,  but 
it  is  evidently  quite  beneficial. 

Clvi-'nl  ~!>"'fk'$  and  th<-<r  larvce. — The  slender,  reddish  larvae  of  unde- 
termined species  of  this  class  of  predaceous  enemies  of  bark  beetles 
were  found  in  small  numbers  in  the  bark  with  the  broods  of  the 
destructive  and  other  species  of  bark  beetles.  This  class  of  beneficial 
insects  usually  renders  great  service  in  reducing  the  numbers  of  the 
destructive  and  injurious  species.  Therefore  their  scarcity  in  this 
region  may  have  had  much  to  do  with  the  rapid  multiplication  and 
spread  of  the  pine-destroying  Dendroctonus.  While  collecting  speci- 
mens of  bark  beetles  from  saw  logs  in  a  mill  }Tard  at  Boulder,  Colo., 
on  August  25,  one  of  these  Clerids  (dents  nigrwentris'LfiG.)  was  very 
common.  The  active,  ant-like  adults,  which  are  black,  marked  with 
transverse  patches  of  gray,  vary  in  length  from  6  mm.  to  8  mm.,  and  in 
width  from  2.5  mm.  to  3  mm.  The  larva  is  a  slender,  pale  red  worm. 
The  adult  feeds  on  and  destroys  great  numbers  of  the  adult  bark 
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beetles  before  they  enter  the  bark  and  when  they  emerge,  while  the 
larva  destroys  the  larva  and  broods  in  the  bark. 

A  red-bug  enemy  of  bark-beetles. — A  small,  red  to  brown  Heniipter- 
ous  bug  of  the  family  Acanthiidae  and  subfamily  Anthocorina  was 
found  in  all  stages  of  development,  associated  with  colonies  of  the  pine- 
destroying  beetle  and  its  allies,  in  the  bark  of  recently  attacked  living 
and  dying  trees.  These  little  relatives  of  the  bedbug  and  the  flower 
bugs  are  recognized  as  aggressive  enemies  of  bark  beetles,  both  in  the 
East  and  West.  The  one  found  in  the  Black  Hills  is  evidently  Pizos- 
tethus  californicus  Reut.  The  adult  is  about  3  mm.  long,  slender, 
grayish,  and  exceedingly  active.  The  young  forms  are  usually  bright 
red,  active  little  creatures  which  attack  and  suck  out  the  liquids  from 
the  bark  beetles  and  their  larvae.  The  adult  bug  also  attacks  and 
kills  the  adult  bark  beetles.  While  this  is  a  common  and  active  enenry 
of  the  smaller  bark  beetle,  it  probably  does  not  render  much  service 
toward  checking  the  ravages  of  the  destructive  species. 

Other  predaceous  beetles. — There  are  also  a  number  of  predaceous 
beetles  of  the  families  Colydiidae,  Tenebrionidae,  Histeridae,  and 
Staphylinidae  which  were  found  in  greater  or  less  numbers  in  the 
bark  of  infested  trees,  but  their  exact  relation  to  the  destructive 
beetle  was  not  determined. 

PARASITIC   INSECTS. 

Several  parasites  belonging  to  the  order  Hymenoptera  and  families 
Braconidae,  Chalcididae,  and  Proctotrupidae  were  found  to  be  enemies  of 
the  smaller  bark  beetle  larvae  and  adults,  but  none  were  found  attack- 
ing the  pine-destroying  species.  Therefore  there  does  not  seem  to  be 
much  service  rendered  by  this  class  of  insects,  which  are  usually  so 
efficient  in  reducing  the  numbers  of  bark  beetles. 

PARASITIC   FUNGI. 

A  few  examples  of  the  adults  and  larvae  of  the  pine-destrojdng  beetle 
were  found  which  had  evidently  been  killed  by  a  fungus  disease,  but 
this  was  by  no  means  common  enough  to  have  rendered  any  service 
in  checking  its  ravages. 

BIRDS   AS   ENEMIES   OF   THE    DESTRUCTIVE   BEETLE. 

A  few  old  dead  trees  and  some  which  had  been  recently  infested 
which  showed  evidence  of  the  beneficial  work  of  woodpeckers  were 
observed  in  some  localities,  but  hundreds  of  other  insect-killed  trees 
showed  no  trace  of  work  by  the  birds.  Therefore  there  appears  to  be 
very  little  service  rendered  from  this  source.  This  is  evidently  due 
to  a  scarcity  of  the  birds  and  to  the  fact  that  the  habit  of  the  insect 
transforming  to  the  adult  in  the  inner  bark  makes  it  less  accessible  to 
the  birds  than  are  the  spruce-destroying  beetle  and  other  bark  beetles 
which  undergo  this  change  in  the  outer  bark. 
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WORK  OF  THE  ROCK  PINE-WOOD  ENGRAVER  (PITYOQENES  CARINICEPS  LEG.).  GALLERIES 
IN  INNER  BARK  AND  SURFACE  OF  WOOD.  ABOUT  ONE-THIRD  NATURAL  SIZE.  (ORIGI- 
NAL.) 
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HOW  THE  TREES  ARE  ATTACKED  AND  KILLED. 

Many  hundreds  of  trees  were  examined  during  the  investigation, 
including  those  that  were  living  and  perfectly  healthy,  living  and 
freshly  attacked,  infested  and  dying,  recently  dead,  and  old  dead  ones 
which  bore  evidence  of  having  been  killed  by  the  pine-destroying 
beetle.  All  stages  of  the  insect,  including  the  adult,  the  egg,  different 
stages  of  the  larva,  the  pupa,  and  recently  transformed  beetles,  were 
observed  and  studied,  as  were  also  all  stages  of  the  primary  entrance 
the  gallery  and  brood  mines  in  the  living,  dying,  and  dead  bark,  and 
also  the  primary  gallery  grooves  on  the  surface  of  the  wood  of  old 
dead  trees  and  logs  from  which  the  bark  had  fallen  and  decayed. 

The  evidences  gathered  from  these  studies,  and  from  information 
combed  in  Mr.  Dewey's  letter,  quoted  on  another  page,  indicate  that 
the  principal  attack  is  made  in  August,  when  it  would  seem  the  beetles 
migrate  in  swarms  from  the  dying  trees  and  settle  on  the  living  ones, 
which  thejT  attack  and  infest  in  large  numbers  from  near  the  base  to 
the  upper  part  of  the  main  trunk  or  stem. 

The  trees  that  are  attacked  by  a  sufficient  number  of  the  beetles  to 
overcome  the  resistance  exerted  by  the  vital  forces  of  the  plant  com- 
mence to  decline,  and  by  winter  or  the  following  spring  they  die  and 
the  leaves  turn  yellow  and  red.  Those  not  attacked  by  sufficient  num- 
bers of  the  beetles  to  overcome  this  vital  resistance  recover  and  are 
usually  exempt  from  future  attacks;  the  wounds  heal  and  are  covered 
over  by  subsequent  layers  of  wood,  thus  causing  pitch  spots  or  gum- 
streak  defects  in  the  wood. 

The  details  of  the  work  of  the  attacking  force  of  beetles  on  a  living 
tree  may  be  briefly  described  as  follows: 

Both  sexes  settle  on  their  victim,  usually  in  large  numbers,  and  the 
males  (?)a  commence  to  excavate  the  entrance  burrows,  which  are  usu- 
ally hidden  in  a  crevice  or  beneath  a  flake  of  the  outer  bark.  The 
reddish,  sawdust-like  borings  thus  produced  and  thrown  out  fall  to  the 
ground  around  the  base  and  lodge  in  the  loose  outer  bark  on  the  trunk. 
When  they  enter  the  inner  living  bark,  or  bast,  the  tree  commences 
to  exert  its  resistance  by  throwing  out  pitch  to  fill  and  heal  the  fresh 
wounds  in  the  living  tissue.  Then  the  struggle  between  the  resisting 
force  of  the  plant  and  the  beetles  begins  in  earnest.  Each  female 
joins  her  mate,  and  together  they  continue  the  excavation.  The  bor- 
ings and  pitch  are  disposed  of  by  being  pushed  out  and  formed  into 
a  pitch  tube  at  the  mouth  of  the  entrance  burrow  (PI.  VII,  figs.  1,  3, 
and  4).  The  inner  bark  is  entered  obliquely  and  subtransversely  to 
the  cambium  and  surface  of  the  wood,  where  a  broadened  cavity  is 
excavated  for  the  accommodation  and  temporary  occupation  of  the 

a  While  it  was  not  positively  determined  that  the  male  of  this  species  excavates 
the  first  entrance,  it  is  the  habit  of  many  other  bark  beetles,  and  is  probably  followed 
by  this. 
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pair,  probably  until  the  principal  flow  of  pitch  is  exhausted.  The 
gallery  is  then  extended  (probably  by  the  female)  transversely  or  sub- 
trans  versel^y  for  a  short  distance  (seldom  more  than  an  inch),  and  then 
longitudinally  up  or  down  the  tree,  but  usually  up,  varying  from  a 
few  inches  to  a  foot  and  a  half,  the  normal  length  being  about  1  foot. 
As  soon  as  the  gallery  has  been  extended  1  or  2  inches  from  the 
entrance  and  basal  cavity,  small  notches,  or  cavities,  are  excavated  in 
the  sides  of  the  galler}7,  in  each  of  which  an  egg  is  deposited,  and  so 
on  until  the  gallery  is  completed.  As  the  eggs  are  deposited,  the  bor- 
ings, instead  of  being  thrown  out  at  the  entrance,  are  closely  packed 
in  the  entrance  burrow,  basal  cavity,  and  gallery,  except  near  the 
farther  end,  which  is  kept  open,  enlarged,  or  extended  to  one  side  or 
the  other,  as  it  is  occupied  b}T  the  parent  beetles,  after  their  work  of 
constructing  the  egg  gallery  is  completed,  until  they  die  (PI.  I). 

The  bark  of  an  infested  tree  is  usually  occupied  by  one  of  these 
primary  galleries  in  every  Ito  6  inches  of  circumference  from  near  the 
base  to  near  the  middle  of  the  trunk  (PL  VII,  fig.  2).  Therefore  they 
effectually  check  the  normal  movements  of  the  sap,  and  the  larval 
mines,  which  radiate  from  the  primary  gallery,  destroy  the  intervening 
bark  and  complete  the  girdling  process. 

Ten  or  twenty,  or  even  forty  or  fifty  pairs  of  beetles,  attacking  a 
tree  6  or  8  inches  in  diameter,  would  have  little  or  no  effect  on  its 
vitality  if  scattered  over  the  trunk  from  the  base  to  near  the  top,  but 
if  concentrated  on  a  limited  space  on  the  upper  part  of  the  trunk,  and 
distributed  so  that  there  is  a  gallery  at  intervals  of  about  every 
inch  of  the  circumference,  forty  or  fift}T  galleries  are  sufficient  to  so 
seriously  affect  the  tree  that  other  insects  are  attracted  to  it,  and  it 
soon  dies  from  the  girdling  effect  of  the  primary  galleries  and  brood 
mines.  The  marks  of  as  many  as  seven  galleries  were  observed  in  a 
single  chip,  6  inches  wide  and  12£  inches  long  (PL  III,  fig.  2),  cut  from 
a  tree  that  had  been  killed  by  the  beetles.  This,  with  many  other 
observations  relating  to  the  number  of  pitch  tubes  on  freshly  attacked 
trees  and  the  galleries  in  the  bark  of  dead  and  dying  ones,  indicates 
that  the  average  tree  killed  by  the  beetles  has  from  one  hundred  to 
two  hundred  galleries  in  30  to  40  square  feet  of  bark  from  the  middle 
to  base  of  the  main  stem  or  trunk.  The  number  of  eggs  deposited 
in  each  gallery  depends  on  the  number  of  galleries  within  a  given 
area  of  bark  and  the  success  of  the  attack.  They  vary  from  one  or 
two  to  about  one  hundred,  but  the  normal  number  appears  to  be  about 
forty  to  fifty.  If  only  one-half  of  these  develop  to  adults  there  are 
four  thousand  or  five  thousand  beetles  to  emerge  from  a  single  tree  8 
to  10  inches  in  diameter.  Therefore  the  number  of  beetles  that  may 
emerge  from  the  thousands  of  trees  that  die  in  a  single  year  would 
make  a  swarm  of  millions  of  individuals.  Even  if  this  number  were 
reduced  one-half,  it  will  be  readily  seen  how  the  trouble  may  be 
rapidly  extended  over  vast  areas  of  forests. 
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CHARACTERISTIC  FEATURES  OF  THE  LIVING,  DYING,  AND  DEAD 
TREES  INFESTED  AND  KILLED  BY  THE  BEETLE. 

The  characteristic  features  which  are  of  importance  to  the  forester 
and  lumberman  in  identifying  the  presence  and  the  work  of  the  pine- 
destroying  beetle  are  as  follows: 

BORINGS   AND   PITCH   TUBES. 

The  first  indication  of  attack  is  the  red  dust  or  borings  lodged  in  the 
loose  bark  and  fallen  around  the  base  of  the  tree.  The  next  and  more 
conspicuous  evidence  is  the  presence  of  numerous  small  masses  of  pitch 
or  so-called  pitch  tubes  on  the  outer  bark  at  the  mouth  of  the  entrance 
burrows.  (PI.  VII. ,  tigs.  1,  3,  4.)  If  the  pitch  is  fresh  and  mixed 
with  reddish  and  white  borings,  it  indicates  a  recent  attack  and  the 
presence  of  the  living  beetles  in  the  bark.  If,  however,  the  pitch  is 
dry  and  hardened,  without  traces  of  fresh  borings  or  the  presence  of 
living  beetles,  and  the  tree  is  living,  it  indicates  an  abandoned  attack 
and  that  the  tree  will  recover. 

APPEARANCE   OF   THE   LEAVES. 

The  leaves  of  trees  dying  from  attack  by  the  beetle  present  first  a 
pale-yellow  appearance  in  the  tops  and  tips  of  the  branches,  followed 
by  a  general  yellowing  of  all  the  leaves,  thus  presenting  from  a  long 
distance  a  marked  contrast  to  the  dark,  healthy  gree"n  of  the  surround- 
ing living  foliage.  If  the  bark  is  stripped  off  and  examined  when  the 
trees  are  in  this  condition,  all  stages  from  eggs  to  fully-developed 
broods  will  usually  be  found,  together  with  numerous  other  secondary 
enemies  of  the  trees  and  enemies  of  the  insects.  The  leaves  do  not 
fall  from  the  twigs  for  possibly  two  or  three  years  after  the  trees 
die  and  the  broods  of  beetles  emerge,  but  they  soon  change  from  yel- 
low to  red,  and  thus  become  even  more  conspicuous.  The  normal 
length  of  time  the  leaves  remain  on  the  twigs  has  not  been  determined, 
but  the  greater  number  evidently  fall  during  the  second  or  third  year, 
leaving  the  twigs  almost  bare,  with  the  exception  of  a  few  leaves  on  the 
tips  which  may  adhere  for  a  much  longer  time. 

APPEARANCE  OF  THE  TREES  THAT  HAVE  BEEN  DEAD  THREE  YEARS  OR 

MORE. 

Little  opportunity  was  had  to  obtain  information  on  the  character- 
istic appearance  at  different  stages  of  deterioration,  but  it  would  appear 
from  such  observations  and  general  comparisons  as  could  be  made  that 
the  twigs  and  some  of  the  branches  commence  to  fall  within  three  or 
four  years,  and  that  after  the  fourth  year  rapid  decay  sets  in,  and  the 
tops  commence  to  break  off. 
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EVIDENCE  OF  THE  WORK  OF  THE  BEETLE  ON  OLD  DEAD  TREES. 

After  the  trees  have  been  dead  many  years  most  of  them  decay  at 
the  base  and  fall,  while  the  main  trunks  or  snags  of  others  remain 
standing;  yet  as  long  as  the  surface  of  the  wood  remains  sound  the 
characteristic  longitudinal  gallery  grooves  will  be  more  or  less  distinct, 
and  serve  to  indicate  that  the  trees  were  attacked  while  living.  Pieces 
of  the  old  bark  will  also  usually  show  traces  of  the  galleries  and  indi- 
cate by  the  pitch-preserved  tissue  that  the  galleries  were  excavated  in 
living  bark.  Traces  of  the  pitch  tubes  may  also  remain  on  the  outer 
bark  for  many  years  and  serve  to  indicate  the  cause  of  the  trouble. 

RELATION  OF  WOOD-BORING   INSECTS  AND  WOOD-DESTROYING 
FUNGI  TO  THE  RAPID  DETERIORATION  OF  THE  WOOD. 

As  previously  indicated,  there  are  a  number  of  wood-boring  insects 
which  bore  into  the  sapwood  of  dying  and  dead  trees.  Some  also 
penetrate  the  heartwood.  Some  of  these  wood-infesting  insects  enter 
the  wood  as  soon  as  the  tree  commences  to  die,  others  after  it  is  dead, 
and  still  others  at  different  stages  of  the  decline  and  decay  as  long  as 
there  is  anything  left  for  them  to  work  in.  It  is  only  those,  however, 
that  enter  the  wood  while  it  is  yet  of  value  for  commercial  purposes 
that  need  to  be  specially  mentioned  in  this  connection.  Next  to  the 
one  that  makes  the  primary  attack,  those  borers  which  enter  the  sound 
wood  are  probably  of  the  greatest  importance.  They  not  only  cause 
pin-hole  and  wormhole  defects,  which  depreciate  the  value  of  the  lum- 
ber and  other  products  into  which  the  wood  of  the  dying  and  dead 
trees  may  be  converted,  but  they  give  entrance  to  wood-decaying  fungi, 
causing  rapid  decay  of  the  wood  of  the  standing  trees  which  would 
otherwise  remain  sound  for  a  much  longer  period. 

While  the  injuries  by  these  wood-boring  insects  are  by  no  means  as 
common  where  there  are  a  great  many  dead  and  dying  trees  as  where 
there  are  only  a  few,  it  was  found  to  be  sufficient  in  some  sections  to 
cause,  in  connection  with  the  wood-deca}Ting  fungi,  a  worthless  condi- 
tion of  the  timber  over  large  areas.  Indeed,  it  would  seem  from  such 
observations  as  we  were  able  to  make  that  unless  the  trees  are  cut 
and  converted  into  lumber,  ties,  cordwood,  or  other  commercial  prod- 
ucts within  two  or  three  years  after  they  commence  to  die,  very  little 
of  value  is  left. 

SUGGESTIONS  FOR  PREVENTING  LOSSES. 

The  limited  time  devoted  to  the  study  of  this  new  insect  was  not 
sufficient  to  determine  the  details  in  its  life  history  and  habits  which 
are  usually  so  necessary  in  the  consideration  of  remedies,  but  some 
general  features  were  noted,  which,  in  connection  with  the  information 
acquired  from  special  investigations  of  the  closely  related  destructive 
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PLATE  VII. 


FIG.  1. — SMALL  FRESHLY  ATTACKED  PINE  TREE,  SHOWING 
PITCH  TUBES. 


FIG.  2. — MARKS  OF  PRIMARY  GALLERIES  ON 
THE   SURFACE   OF  WOOD  WHEN    BARK  is 

REMOVED. 


FIG.  3. — FRESHLY  ATTACKED  TREE,  SHOWING  PITCH  TUBES.  FIG.  4. — DEAD  TREE  ;  OUTER  BARK  REMOVED 

ADJOINING  TREE  NOT  ATTACKED.  BY  WOODPECKERS. 

SCENES  IN  THE  PINE  FORESTS  OF  THE  BLACK  HILLS  FOREST  RESERVE. 
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pine-bark  beetle a  of  the  middle  Appalachian  region  and  the  spruce- 
destroying  beetle1'  of  the  Northeast,  will  warrant,  it  is  believed,  some 
suggestions  for  the  prevention  of  losses. 

METHODS   OF   COMBATING    THE    ENEMY   AND    PREVENTING    LOSSES    FROM 

ITS   RAVAGES. 

When  a  trouble  has  been  going  on  six  or  seven  years  and  has 
reached  the  magnitude  of  the  one  under  consideration,  it  is  very  plain 
that  unless  some  natural  agencies  appear  to  either  modify  or  check  it, 
its  control  is  beyond  all  human  effort.  On  the  other  hand,  if  there 
are  beneficial  influences  at  work  which  are  reducing  the  numbers  o^ 
the  insect  and  checking  its  destructive  ravages,  there  is  much  that  can 
be  done  toward  aiding  nature  in  the  suppression  and  subjugation  of 
an  unruly  species.  The  evidences  found  indicate  that  the  latter  is  true 
in  regard  to  this  trouble.  While  many  freshly  attacked  living  trees 
and  thickly  infested  dying  ones  were  observed  in  different  sections  of 
the  reserve,  showing  that  great  numbers  of  the  beetles  are  at  work 
and  continuing  the  trouble,  it  was  plain  that  the  force  of  the  attack 
has  from  some  cause  been  materially  weakened. 


TO    REDUCE   THE    NUMBERS. 


It  appears  that  the  pine-destroying  beetle  of  the  Black  Hills,  like 
its  Eastern  relatives,  depends  on  the  trees  killed  by  it  for  the  aug- 
mentation of  its  numbers  and  the  perpetuation  of  its  power  of  killing 
more  trees.  Therefore  it  is  only  necessary  that  the  attacking  force  be 
further  reduced  to  a  point  where  it  can  no  longer  overcome  the  vital 
resistance  of  the  trees  on  which  it  concentrates  its  attack,  in  order  to 
successfully  defeat  it  and  secure  its  extermination. 

The  fact  that  the  attacking  force  of  the  enemy  is  already  weakened 
from  natural  agencies  suggests  that  they  can  be  reduced  by  artificial 
means  below  their  power  of  killing  more  trees  next  season,  and  thus 
bring  the  trouble  to  an  end.  Therefore  the  following  are  suggested 
and  recommended  as  probably  the  best  methods  of  accomplishing  this 
result: 

(1)  Determine  the  location  and  extent  of  areas  in  which  trees  were 
attacked  during  the  summer  and  fall  of  1901  and  the  number  of  trees 
now  infested  with  living  broods  of  the  pine-destroying  beetle. 

(2)  Select  those  areas  in  which  there  are  the  largest  number  of 
infested  trees  and  mark  the  same  for  cutting. 

(3)  Secure,  by  sale  contracts  or  otherwise,  the  cutting  of  these  trees 
and  the  removal  of  the  bark  from  the  infested  parts  of  the  main  trunks 
and  stumps  prior  to  the  1st  of  May,  1902.     The  drying  of  the  removed 

*Dendroctori  us  frontal  is  (Zimm.)  var.  destructor  Hopk.,  Bui.  56,  W.  Va.  Agrie.  Exp. 
Station,  1899. 

b Dendroctonus piceaperda  Hopk.,  Bui.  28  n.  s.,  Div.  Ent,,  U.  S.  Dept.  Agric.,  1901. 
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infested  bark  and  surface  of  the  wood  will  effectually  destroy  the 
insects.  In  addition,  the  logs  so  treated  will  be  protected  next  spring 
and  summer  from  the  attack  of  wood^boring  insects,  and  thus  be 
almost  or  quite  as  valuable  for  all  commercial  purposes  as  if  cut 
from  living  trees. 

It  is  not  necessary  that  all  infested  trees  in.  the  reserve  or  those  of  all 
other  infested  areas  should  be  thus  cut  and  barked,  but  it  is  important 
that  a  large  per  cent  should  be  so  treated  in  order  to  insure  a  sufficient 
reduction  of  the  beetles  to  check  their  destructive  ravages. 

SUGGESTIONS   FOR   PREVENTING    FURTHER   TROUBLE. 

It  is  believed  that  the  prevention  of  further  trouble  may  be  effected 
by  means  of  girdled  and  otherwise  treated  trap  trees,  but  the  best 
method  of  treating  the  trees  and  the  proper  time  or  periods  to  do  the 
work  remain  to  be  determined. 

No  experiments  of  this  kind  have  been  conducted  with  the  rock  pine, 
and  it  is  not  positively  known  when  the  beetles  commence  to  fly  or  what 
is  the  period  of  their  greatest  abundance  or  swarms.  Therefore  it  is 
suggested  that  a  special  line  of  experiments  be  conducted,  between  the 
1st  of  May  and  the  1st  of  September,  to  determine  the  best  methods 
of  providing  trap  trees  and  the  best  time  to  do  the  work  to  secure  the 
desired  end,  viz,  that  of  attracting  the  migrating  beetles  to  certain 
trees  or  sections  of  the  forest,  where  they  can  be  subsequently 
destroyed  by  cutting  the  trees  and  removing  the  bark. 

TO    PREVENT    LOSSES   FROM    WOOD-BORING    INSECTS   AND    WOOD-DESTROYING    FUNGI. 

The  evidence  found  relating  to  the  work  of  wood-boring  insects  and 
wood-destroying  fungi,  which  cooperate  in  effecting  a  rapid  deteriora- 
tion of  the  trees  killed  by  beetles,  suggests  that  all  trees  should  be  cut 
within  three  or  four  years  after  they  commence  to  die,  the  sooner  the 
better,  and  be  worked  up  into  lumber,  ties,  mine  timbers,  and  cord 
wood,  in  order  to  prevent  the  great  loss  of  valuable  products  which 
would  otherwise  follow.  Such  material,  if  in  excess  of  the  demand 
for  immediate  consumption,  might  be  stored  where  it  would  keep  dry 
and  be  protected  from  fire.  It  would  thus  remain  sound  for  many 
years  and  serve  to  supply  the  demand  for  material  which  would 
otherwise  have  to  be  drawn  from  the  living  timber. 

THE  PROTECTION  OF  LIVING  TIMBER. 

Since  it  is  of  the  greatest  importance  that  the  living  timber  in  the 
reserve  should  be  protected  and  preserved  for  the  heavy  demands 
upon  its  resources  which,  owing  to  the  vast  mining,  commercial,  and 
other  interests,  it  will  be  required  to  meet,  the  prevention  of  unneces- 
sary cutting  on  account  of  injuries,  or  alleged  injuries,  from  insects 
should  receive  special  attention. 
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EVIDENCES  OF  UNNECESSARY  CUTTING  OF  LIVING  TIMBER,. 

One  of  the  special  objects  of  the  investigation  was  to  determine 
whether  or  not  unnecessary  cutting-  of  living-  timber  had  been  done  by 
certain  contractors  who  had  purchased,  at  a  reduced  price,  the  speci- 
fied "  bug-infested  "  and  "bug-killed"  timber.  Therefore,  upon  the 
request  of  Mr.  Pinchot,  the  writer  made  a  careful  study  of  the  con- 
ditions found  in  an  extensive  cutting  in  a  "draw"  east  of  Dead  Ox 
Canyon  of  Big  Spearfish  Creek. 

Much  conclusive  evidence  was  found  that  a  large  per  cent  of  the  trees 
cut  here  and  worked  into  railroad  ties  had  been  living  and  uninjured 
by  insects  when  felled.  The  evidence  may  be  briefly  stated  as  follows: 

All  trees  that  are  attacked  and  injured  by  the  pine  destroying  beetle, 
whether  in  small  or  large  numbers,  plainly  show  the  characteristic  work 
of  the  beetles  in  the  bark  and  on  the  surface  of  the  wTood,  as  previously 
described  (p.  17)  and  illustrated  (PI.  Ill,  fig.  2;  Pis.  IV,  VII).  The 
character  of  the  work  will  also  indicate  whether  or  not  a  given  tree 
was  living,  dying,  or  dead  when  felled  and  the  bark  removed.  The 
operation  of  scoring,  hewing,  and  barking  the  ties  in  this  particular 
cutting  had  evidently  followed  closely  the  felling  of  the  trees.  There- 
fore the  inner  portion  of  the  bark  and  outer  or  adjoining  portion  of 
the  wood  of  the  scoring  chips  and  the  barked  surface  of  the  ties  from 
"bug-infested'1  and  "bug-killed"  trees  bore  abundant  evidence  of  the 
work  of  the  insect  and  the  condition  of  the  tree  when  felled,  while 
those  from  healthy  living  trees,  not  injured  or  infested  by  bark-boring 
insects,  showed  no  traces  whatever  of  the  work  of  the  beetle  or  of  any 
other  "bug"  or  insect. 

The  records  of  ties,  counted  as  observed  in  the  woods  and  examined 
for  the  work  of  insects,  show  that  out  of  207  ties  only  55  bore  evidence 
of  having  been  cut  from  "bug-infested"  and  "bug-killed"  trees, 
while  the  other  152  bore  no  evidence  of  insect  work  on  the  barked 
surface,  but  showed  from  the  condition  of  this  surface  that  they  had 
been  cut  from  healthy,  living  trees;  also  that  some  of  the  trees  had  been 
cut  in  the  winter  when  the  sap  was  down  and  that  others  had  been  cut 
in  the  spring  when  the  sap  was  up  and  the  bark  would  peel.  There- 
fore it  would  appear  that  a  large  amount  of  living  timber  had  been 
cut  which  it  was  plainly  evident  the  Government  desired  should  remain 
standing. 

SUGGESTIONS  CONCERNING  TIMBER-CUTTING  CONTRACTS. 

In  order  to  provide  or  guard  against  the  cutting  of  living,  uninfested 
trees,  along  with  the  seriously  injured  and  dying  ones,  it  might  be 
suggested  that  it  be  plainly  stated  in  contracts  and  instructions  that  no 
living  tree  shall  be  cut  which  does  not  show,  in  the  inner  bark  next  to 
the  wood,  the  presence  of  large  numbers  of  living  insects,  of  the  species 
known  as  the  pine-destroying  beetle,  or  any  other  insect  or  insects 
which  may  hereafter  be  designated  as  destructive  enemies  of  the  trees. 


21 
NEED  OF  FURTHER  INVESTIGATION. 

While  considerable  evidence  was  found  during  the  time  devoted  to 
the  investigation,  there  yet  remains  much  to  be  determined  by  detailed 
study  and  experiments  relating  to  the  peculiar  conditions  which  bring 
about  the  invasion  of  a  rare  or  new  insect  and  the  conditions  which  con- 
tribute to  its  rapid  multiplication  and  destructive  work,  as  well  as  those 
which  contribute  to  its  decline  and  sudden  disappearance.  There  are 
also  many  facts,  yet  to  be  determined,  relating  to  the  life  history  and 
peculiar  habits  of  the  pine-destroying  beetle  and  other  numerous 
enemies  of  the  trees,  and  the  natural  enemies  of  such  insects.  The 
determination  of  these  facts  is  very  necessary  in  order  to  suggest  the 
best  methods  of  preventing  losses  in  the  future.  It  will  also  help  us 
to  utilize  nature's  methods  of  protecting  such  of  the  species  as  are  of 
use  to  man  and  destroying  those  that  are  objectionable. 

Cutting  and  barking  tJie  infested  trees  this  winter  would  be  an  exper- 
iment of  great  importance,  not  only  in  its  prospects  of  ending  the 
trouble,  but  in  demonstrating  whether  or  not  it  is  a  practicable  method 
to  be  adopted  under  similar  conditions  in  the  future.  It  will  also  be 
of  interest,  and  probably  of  considerable  economic  importance,  to  note 
the  effect  that  this  process  of  insect  destruction  will  have  on  the  other 
injurious  and  beneficial  insects  involved. 

The  experiments  of  girdling,  cutting,  and  treating  trees  with  a  view 
of  rendering  them  attractive  to  the  migrating  beetles,  and  thus  pro- 
viding traps  for  them,  is  a  line  of  work  which  should  receive  special 
attention  next  summer.  It  would  serve  to  demonstrate,  or  at  least 
indicate,  several  things  which  it  is  quite  necessary  to  know  in  order 
to  adopt  successful  methods  of  preventing  future  trouble  from  insect 
ravages  on  the  pines  of  this  reserve.  It  would  demonstrate  whether 
or  not  the  beetles  that  emerge  from  the  infested  trees  which  have  not 
been  cut  and  barked  could  be  attracted  to  trap  trees;  how  and  when 
the  rock  pine  can  be  girdled  or  treated  to  exert  the  greatest  attraction' 
to  the  principal  enemies,  and  how  the  insects  thus  trapped  can  be 
best  destroyed.  It  would  also  contribute  greatly  to  the  study  of  the 
life  history  and  habits  of  the  primary  and  secondary  enemies  of  the 
trees  and  the  enemies  of  the  insects. 

There  are  other  features  relating  to  the  kinds  of  insects  and  fungi 
that  attack  trees  girdled  by  different  methods,  or  girdled  and  felled  at 
different  times  of  the  year,  which  should  be  determined.  Indeed, 
there  are  many  and  varied  subjects  relating  to  the  insects  of  the  rock 
pine  which  should  be  studied  during  the  progress  of  the  present 
trouble,  in  order  to  accumulate  data  that  will  be  of  service  in  prevent- 
ing and  checking  future  destructive  invasions  in  the  pine  forests  of  the 
Rocky  Mountain  region. 
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INSECT  INJURIES  TO    THE   WOOD    OF   LIVING   TREES.* 

By  A.  D.  HOPKINS, 
In  CJtcirge  of  Forest  Insect  Investigations. 

It  has  been  determined  that  insects  of  a  certain  class  attack  the 
wood  and  bark  of  living  timber  and  that,  while  they  do  not  con- 
tribute materially  to  the  death  of  the  trees  or  give  much  external 
evidence  of  their  presence,  they  produce  wounds  in  the  bark  and 
wormhole  and  pinhole  defects  in  the  wood  which  result  in  a  depre- 
ciation in  commercial  value  amounting  to  from  5  to  50  per  cent. 
These  defects  in  the  wood  are  not  detected  until  after  the  .trees  have 
been  felled  and  the  logs  transported  to  the  mill  and  converted  into 
lumber.  Thus  to  the  actual  damage  to  the  lumber  is  added  the 
expense  of  logging  and  manufacture  of  the  defective,  low-grade 
material,  much  of  which  must  be  discarded  as  worthless  culls. 

The  oak  timber  worm. — One  of  the  most  destructive  of  the  class  of 
depredators  just  mentioned  is  the  oak  timber  worm.  It  enters  the 
wood  of  the  trunks  of  living  trees  through  wounds  in  the  bark  and 
at  the  base  of  broken  or  dead  branches  and  extends  its  "  pinhole " 
burro\vs  in  all  directions  through  the  solid  heartwood.  The  losses 
occasioned  by  this  insect  in  the  hardwood  forests  of  the  eastern  United 
States  are  enormous  and  usually  affect  the  wood  of  the  finest  ex- 
amples of  old  trees. 

The  chestnut  timber  worm. — The  chestnut  throughout  its  range  is 
damaged  in  a  like  manner  by  the  chestnut  timber  worm.  Practically 
every  tree  of  merchantable  size  is  more  or  less  affected,  and  a  large 
percentage  is  so  seriously  damaged  that  the  product  is  reduced  to  that 
of  the  lowest  grade.  It  is  estimated  that  the  reduction  in  value  of  the 
average  lumber  product  at  any  given  time  is  not  far  from  30  per  cent, 

0  Revised  extracts  from  Bulletin  No.  58,  Part  V,  Bureau  of  Entomology,  U.  S. 
Department  of  Agriculture.    1909. 
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thus  involving  extensive  waste  and  an  increased  drain  on  the  forest 
to  supply  clear  lumber.  This  insect  also  attacks  the  oaks,  and  espe- 
cially the  red  oak,  the  older  trees  of  which  are  often  as  seriously 
damaged  as  are  the  chestnut. 

Carpenter  worms. — The  oaks,  especially  the  white  oak  and  the  red 
oak,  are  seriously  damaged  by  carpenter  worms  of  the  genus  Prion- 
oxystus.  The  holes  made  by  these  insects  through  the  heartwood  of 
the  best  part  of  the  trunks  are  sometimes  1.5  inches  in  diameter  one 
way  by  0.75  inch  the  other,  thus  causing  serious  damage  to  the  wood. 
These,  with  other  large  wood-boring  beetle  larvse,  sometimes  infest 
the  top  part  of  the  trunk  and  the  larger  branches  of  oak  trees,  where 
their  continued  work  results  first  in  the  dead  and  so-called  "  stag- 
horn  "  top  and  subsequently  in  broken,  decayed,  and  worthless  trunks. 

Ambrosia  beetles. — One  of  the  commonest  defects  in  white  oak,  rock 
oak,  beech,  whitewood  or  yellow  poplar,  elm,  etc.,  is  that  known  to  the 
lumber  trade  as  "  grease  spots,"  "  patch  worm,"  and  "  black  holes." 
This  defect  is  caused  by  one  of  the  timber  beetles  or  ambrosia  beetles, 
which  makes  successive  attacks  in  the  living  healthy  sapwood  from 
the  time  the  trees  are  20  or  30  years  old  until  they  reach  the  maximum 
age.  Thus  the  black-hole  and  stained-wrood  defect  is  scattered  all 
through  the  wood  of  the  best  part  of  the  trunks  of  the  trees.  The 
average  reduction  in  value  of  otherwise  best-grade  lumber  amounts, 
in  many  localities,  to  from  25  to  75  per  cent.  The  defect  is  commonly 
found  in  oak  and  elm  furniture  and  in  interior  hardwood  finish  in 
dwellings  and  other  buildings. 

The  locust  borer. — The  locust,  as  is  well  known,  suffers  to  such  an 
extent  from  the  ravages  of  the  locust  borer  that  in  many  localities  the 
trees  are  rendered  worthless  for  commercial  purposes  or  they  are 
reduced  in  value  below  the  point  of  profitable  growth  as  a  forest  tree ; 
otherwise  this  would  be  one  of  the  most  profitable  trees  in  the  natural 
forest  or  artificial  plantation  and  would  contribute  greatly  to  an  in- 
creased timber  supply. 

Turpentine  beetles  and  turpentine  borers. — While  the  softwood 
trees,  or  conifers,  suffer  far  less  than  the  hardwoods  from  the  class 
of  enemies  which  cause  defects  in  the  living  timber,  there  are  a  few 
notable  examples  of  serious  damage.  There  is  a  common  trouble 
affecting  the  various  species  of  pine  throughout  the  country  known 
as  basal  wounds  or  basal  fire  wounds.  It  has  been  found  that  a  large 
percentage  of  this  injury  to  the  pine  in  the  States  north  and  west  of 
the  Gulf  States  and  in  the  Middle  and  South  Atlantic  States  is 
caused  by  the  red  turpentine  beetle  and  in  the  Southern  States  by 
the  black  turpentine  beetle.  These  beetles  attack  the  healthy  living 
bark  at  and  toward  the  base  of  the  trunks  of  medium  to  large  trees 
and  kill  areas  varying  in  size  from  1  to  10  square  feet.  These  dead 
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areas  are  subsequently  burned  off  by  surface  fires  and  are  then  <ren- 
erally  referred  to  as  fire  wounds.  The  further  damage  to  the  ex- 
posed wood  by  successive  fires,  decay,  and  insects  often  results  in  a 
total  loss  of  the  best  portion  of  the  tree,  or  a  reduction  in  vnlue  of  the 
lower  section  of  the  trunk  of  from  10  to  50  per  cent.  These  and 
similar  wounds  in  the  bark  of  trees,  including  those  caused  by  light- 
ning and  by  the  uncovering  and  exposure  of  the  wood  in  turpentin- 
ing, offer  favorable  conditions  for  the  attack  of  the  turpentine  borer, 
the  work  of  which,  together  with  that  of  two  or  three  others  with 
similar  habits,  is  very  extensive,  and  causes  losses  amounting  to  from 
10  to  50  per  cent  of  the  value  of  the  wood  of  the  best  part  of  the  trees 
thus  affected. 

The  white  pine  weevil. — The  abnormal  development  of  white  pine 
trees  as  the  result  of  successive  attacks  on  the  terminals  of  the  sap- 
lings and  young  trees  by  the  white  pine  weevil  is  an  element  of  loss 
of  considerable  importance,  especially  in  mixed  stands  and  in  open 
pure  stands  of  this  timber.  The  value  of  such  trees  is  reduced  from 
20  to  50  per  cent  below  those  of  normal  development,  and  there  is  an 
additional  loss  from  the  effect  of  their  spreading  branches  or  crowns 
in  the  suppression  or  crowding  out  of  trees  which  would  otherwise 
occupy  the  space  thus  usurped. 

There  are  many  other  examples  of  insects  which  damage  the  wood 
and  bark  of  living  trees,  but  those  mentioned  should  be  sufficient  to 
demonstrate  the  importance  of  insects  in  this  relation. 

CONTROL,   OF    INSECTS   WHICH   CAUSE   DEFECTS   IN    LIVING   TIMBER.0 

The  class  of  insects  which  cause  defects  in  the  wood  of  living  timber 
can  be  controlled  to  a  greater  or  less  extent,  depending  upon  local  con- 
ditions, and  a  large  percentage  of  the  losses  prevented  through  the 
adoption  of  certain  requisite  details  in  forest  management,  among 
Tvhich  the  following  are  especially  important : 

(1)  The  utilization  of  all  of  the  defective  and  infested  timber 
that  will  pay  expenses  for  manufacture  into  merchantable  products, 
such  as  lumber,  cord  wood,  etc. 

(2)  The  burning  of  infested  timber  and  waste  material  not  avail- 
able for  use,  including  dead  standing  and  fallen  timber,  to  remove 
the  breeding  places  of  insects  like  the  oak  timber  worm  and  the 
chestnut  timber  worm,  which  go  from  the  dead  to  the  living  timber. 

(3)  The  prevention  of  wounds  of  any  kind  in  the  bark  of  living 
trees. 

a  For   methods  of  controlling  the  locust  borer   and   white   pine   weevil,   see 
Circulars  83  and  90,  respectively,  of  the  Bureau  of  Entomology,  U.  S.  Depart- 
ment of  Agriculture. 
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(4)  The  prevention  of  future  losses  by  the  practice  *of  improved 
forestry  methods  to  eliminate  favorable  conditions  for  injury  and  con- 
tribute to  a  perpetual  supply  of  vigorous,  healthy  timber  to  be  utilized 
before  it  passes  the  stage  of  profitable  increment. 

It  should  be  remembered  that  the  different  species  of  insects  which 
cause  defects  in  the  wood  of  living  timber  require  different  details  in 
the  methods  of  control,  and  that  special  cases,  special  local  conditions, 
and  details  in  business  methods  and  requirements  determine  which 
one  of  the  available  methods  should  be  adopted. 

It  should  also  be  remembered  that  in  the  more  important  cases  much 
loss  of  time  and  money  may  be  prevented  and  the  best  success  attained 
by  first  securing  some  authoritative  advice  on  the  insects  involved 
and  the  specific  requirements  for  the  control  work. 

Approved : 

JAMES  WILSON, 

Secretary  of  Agriculture. 
WASHINGTON,  D.  C.,  October  7, 1910. 
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THE  ELM  LEAF-BEETLE. 
By  W.  C.  O'Kane. 

In  many  sections  in  southern  New 
Hampshire  the  Elm  Leaf-beetle  has  worked 
considerable  injury  in  recent  years. 
Whether  this  pest  is  likely  to  increase 
further  is  problematical.  It  is  possible 
that  the  insect  has  reached  its  maximum. 
Meanwhile,  in  some  sections  where  the 
pest  is  badly  injuring  the  foliage  of  the 
elm,  it  is  highly  advisable  to  take  meas- 
ures to  protect  these  valuable  shade  trees 
wherever  feasible. 

The  work  of  the  elm  leaf-beetle  is  easily 
recognized.  In  the  spring,  as  soon  as  the 
elm  leaves  are  expanded,  the  adult  beetles 
appear  and  eat  round  or  oval  holes  in  the 
foliage.  These  adults  are  small,  rather 
dull-colored  insects,  about  one  fourth  of 
an  inch  long.  The  general  color  is  greenish 
yellow.  There  is  an  obscure  dark  stripe 
down  each  side  of  the  back  and  incon- 
spicuous dark  markings  just  back  of  the 
head.  These  beetles  have  spent  the  winter 
in  such  shelter  as  crevices  in  the  bark  of 
the  trees,  or  in  any  other  convenient  place. 
Frequently  large  numbers  hibernate  in 
attics  of  houses  and  are  noticed  when 
they  become  active  in  the  spring  and  go 
to  windows  in  order  to  get  out. 

THE  LIFE  ROUND. 

While  they  are  feeding  the  beetles  are 
laying  eggs  on  the  under  side  of  the  leaves. 
The  eggs  are  orange  in  color,  shaped  like 
a  tiny  small-necked  bottle,  and  are  laid 
in  clusters  containing  twenty  or  more. 
They  can  easily  be  seen  with  the  naked 
eye. 

In  the  course  of  a  few  days  the  eggs 
hatch  and  small  grubs  feed  on  the  leaves, 
gnawing  off  the  surface  but  not  eating 
clear  through.  The  grubs  are  dull  yel- 


lowish in  color  with  a  dark  stripe  down  each 
side  of  the  back.  When  full  grown  they 
are  about  half  an  inch  in  length.  As  they 
grow,  the  grubs  almost  completely  destroy 
the  surface  of  the  leaves,  so  that  the 
foliage  turns  brown  and  dies. 

After  they  have  reached  full  growth  the 
grubs  descend  the  trees,  find  shelter  in 
crevices  in  the  bark  or  collect  in  large 
numbers  around  the  base  of  the  tree,  and 
change  to  a  resting  stage  called  the  pupa. 
The  pupa  has  neither  legs  nor  wings. 
The  color  is  bright  yellow. 

From  the  pupa  in  another  week  or  ten 
days  emerges  an  adult  beetle  like  the  one 
which  first  appeared  on  the  tree.  These 
adults  again  seek  the  leaves  and  lay  eggs 
as  did  the  first  lot.  By  the  time  this 
second  generation  appears  the  tree  has 
had  opportunity  to  produce  a  new  lot  of 
leaves.  From  these  eggs  a  second  lot  of 
grubs  hatch  and  the  injury  goes  on  as 
before.  The  beetles  resulting  from  this 
second  lot  of  grubs  are  the  ones  that  hide 
away  to  spend  the  winter. 

THE  MEANS  OF  CONTROL. 

The  only  effective  means  of  control  is 
to  apply  a  poison  spray  to  the  leaves  of  the 
trees.  The  best  material  to  use  is  arse- 
nate  of  lead  at  the  rate  of  five  pounds  to 
fifty  gallons  of  water.  The  spray  must 
be  applied  so  as  to  coat  the  outermost  and 
highest  leaves  on  the  tree  because  it  is  at 
these  points  that  the  beetles  lay  their  eggs. 
The  time  to  spray  is  just  as  soon  in  the 
spring  as  the  leaves  are  well  unfolded, 
while  the  adults  are  feeding  and  egg- 
laying.  If  the  infestation  is  severe  it  may 
be  necessary  to  apply  a  second  spray  at 
the  time  that  the  grubs  are  hatching, 
which  usually  will  be  about  the  middle  to 
the  latter  part  of  June,  in  New  Hampshire. 

If  the  first  generation  is  effectively 
checked  there  will  be  little  damage  from 
the  second  generation. 

Frequently  in  New  Hampshire  the 
numbers  of  the  second  generation  are 
greatly  reduced  from  natural  causes. 
The  more  serious  injury  is  that  done  by 
the  first  generation. 

Approved : — 
J.  C.  KENDALL, 

Director  of  Extension  Work. 
Durham,  N.  H.,  April,  1913. 
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TENT  CATERPILLARS 
By  W.  C.  O'Kane. 

The  common  Apple  Tree  Tent  Caterpil- 
lar is  a  well-known  pest  in  New  Hampshire. 
Practically  every  season  it  is  found  in 
abundance  at  many  points  in  the  state. 
The  wild  cherry  sprouts  which  grow  so 
abundantly  along  the  roadsides  are  one  of 
the  favored  food  plants  of  this  insect,  and 
serve  as  breeding  places  for  it. 

The  name  tent  caterpillar  describes  the 
pest  well.  A  colony  of  the  caterpillars 
make  a  conspicuous  tent  or  nest  in  the 
fork  of  a  limb  and  use  it  for  a  shelter, 
retiring  to  it  in  stormy  weather  or  on 
other  occasions,  and  going  out  from  it  to 
feed  on  nearby  foliage.  These  tents  are 
conspicuous  and  remain  on  the  trees  long 
after  the  caterpillars  have  reached  full 
growth  and  have  deserted  them. 

The  adult  of  the  apple  tree  tent  cater- 
pillar is  a  reddish  brown  moth  with  incon- 
spicuous markings.  It  is  on  the  wing  in 
the  middle  to  the  latter  part  of  summer 
and  lays  eggs  in  a  compact,  dark-colored 
ring  or  mass  around  a  twig,  covering  the 
eggs  with  a  glistening  varnish.  The  egg- 
mass  remains  unmatched  on  the  twig  until 
the  following  spring. 

As  soon  as  warm  weather  begins  in  the 
spring,  the  eggs  hatch  and  tiny  dark, 
hairy  caterpillars  soon  begin  feeding  on 
the  opening  buds.  Shortly  they  begin 
their  tent  or  nest  in  a  nearby  fork.  As 
the  foliage  expands,  the  caterpillars  eat 
more  and  more  of  it,  growing  all  the  time. 
At  the  same  time  they  are  constantly 
enlarging  their  nest  until,  finally,  when 
they  have  reached  full  growth,  about  the 
firs*  of  July,  the  tent  may  be  as  large  as  a 
half-peck  measure. 

The  full-grown  caterpillar  is  nearly  or 
quite  two  inches  long.  The  general 
color  of  its  body  is  black.  Down  the 


middle  of  the  back  is  a  conspicuous  white 
stripe,  and  along  each  side  is  a  row  of  blue 
spots. 

The  caterpillars  then  scatter  from  the 
tree,  finding  any  sheltered  spot  that  they 
can,  and  spin  up  cocoons.  In  these  they 
transform  to  a  resting  stage  or  pupa,  and 
later  from  this  pupa  the  adult  moth 
emerges.  There  is  one  generation  each 
year. 

Control  of  this  insect  is  not  difficult. 
The  caterpillars  are  susceptible  to  poison 
sprays  and  are  rather  easily  killed  by 
spraying  the  foliage  of  the  trees  with 
arsenate  of  lead,  at  the  rate  of  three 
pounds  to  fifty  gallons  of  water. 

They  may  be  destroyed  when  resting 
on  or  in  their  tents  by  burning  with  a 
torch.  A  convenient  torch  is  made  by 
tying  a  bundle  of  rags  on  the  end  of  a 
pole  and  soaking  them  with  kerosene. 
Usually  the  caterpillars  will  be  found  on 
the  nest  when  it  is  cloudy  or  when  the 
weather  is  cool. 

THE  FOREST  TENT  CATERPILLAR. 

We  have  in  New  Hampshire  also  an- 
other and  closely  related  insect  known  as 
the  Forest  Tent  Caterpillar,  although  it 
does  not  make  any  nest  or  tent.  These 
caterpillars  may  be  distinguished  from  the 
species  described  above  by  the  fact  that 
the  head  is  blue  in  color  and  there  is  a 
row  of  white  diamond-shaped  spots  down 
the  middle  of  the  back  instead  of  a  solid 
stripe. 

The  life-history  of  this  species  is  similar 
to  that  of  the  common  tent  caterpillar. 
It  is  found  on  the  trees  early  in  the  grow- 
ing season.  To  some  extent  these  cater- 
pillars have  a  habit  of  collecting  in  masses 
on  the  trunk  of  the  tree. 

They  attack  many  kinds  of  shade  and 
forest  trees,  as  well  as  fruit  trees.  On 
shade  trees  or  fruit  trees  control  is  feasible 
by  spraying  the  foliage  with  arsenate  of 
lead,  three  pounds  to  fifty  gallons  of 
water.  On  forest  trees  practical  means  of 
control  are  wanting.  Fortunately  this 
pest  has  not  reached  serious  abundance 
in  recent  years. 

Approved : — 
J.  C.  KENDALL, 

Director    of    Extension     Work. 
Durham,  N.  H.,  April,  1913. 
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WIREWORMS  AND  WHITE   GRUBS. 

Several  kinds  of  garden  and  field  crops  are  injured  each  year 
in  New  Hampshire  by  wireworms,  or  by  white  grubs,  or  by 
both.  The  two  are  here  described  together,  not  because  they 
are  nearly  related  but  because  the  manner  of  work  is  similar 
and  the  means  of  avoiding  injury  is  the  same  for  each. 

CHARACTERISTICS  OF  WIREWORMS. 

While  there  are  several  common  species  of  wireworms  in  New 
Hamphsire,  all  are  much  alike.  They  are  slender,  dark  brown 
worms,  an  inch  or  so  long,  and  of  a  distinctly  wiry  appearance. 
The  three  pairs  of  legs  are  small,  and  are  near  the  front  end  of 
the  body.  There  are  no  legs  on  the  middle  or  hind  end. 

They  work  always  beneath  the  surface  of  the  ground,  gnawing 
the  surface  of  the  roots  of  plants  or  frequently  boring  into  them. 
In  potatoes,  half  a  dozen  worms' may  bore  into  a  single  tuber, 
and  often  when  potatoes  are  dug  one  or  more  worms  will  be 
found  within  or  protruding  from  the  surface. 

The  adults  of  wireworms  are  slender,  brown  beetles,  which 
have  the  characteristic  habit  of  righting  themselves,  when 
placed  on  their  backs,  by  snapping  themselves  sharply  back- 
ward  so  as  to  throw  the  body  an  inch  or  two  into  the  air.  Their 
common  name  is  snapping  beetles  or  click  beetles. 

The  beetles  lay  eggs  on  the  ground.  These  eggs  hatch  into 
very  small  wireworms.  The  latter  feed  and  grow,  and  finally 
change  to  a  resting  stage  or  pupa.  From  this  the  adult  beetle 
emerges.  This  is  the  life  round  for  all  of  them.  All  the  stages 
except  that  of  the  beetle  are  passed  in  the  soil.  The  life  of  the 
adult  beetle  lasts  but  a  few  weeks.  That  of  the  worm  stage  lasts 
for  two  or  three  years — a  fact  which  has  an  important  bearing 
on  the  nature  of  the  injury  done  by  them,  as  will  be  shown 
below. 

The  normal  breeding-place  of  wireworms  is  in  sod  ground. 
Grass-roots  or  the  roots  of  weeds  form  their  accustomed  diet. 
Hence  we  may  expect  to  find  many  of  them  in  land  that  has 
been  in  sod  for  several  years.  Ordinarily  their  presence  in  such 
fields  passes  unnoticed,  because  the  ground  is  so  full  of  roots 
that  the  feeding  is  not  appreciable. 

The  injury  to  garden  or  field  crops  comes  about  when  sod 
land  is  broken  up  and  planted  to  crops.  Since  the  worms  require 
two  or  more  years  to  mature,  many  half-grown  worms  are  left 


March,  '13] 


WIREWORMS   AND   WHITE   GRUBS 


3 


in  the  soil  the  first  season,  and  usually  some  that  are  nearly  full 
grown  the  second  season.  Without  the  network  of  grassroots  to 
feed  on,  the  worms  attack  the  crops  that  have  been  planted,  if 
the  latter  are  suited  to  their  taste.  Potatoes  are  especially  liable 
to  serious  injury,  because  the  amount  of  fopd  in  the  soil  is  at 
first  comparatively  small,  and  the  worms  prefer  the  tubers  to 
the  roots.  Corn,  also,  is  apt  to  be  damaged. 

CHARACTERISTICS  OF  WHITE  GRUBS. 

In  general  appearance  white  grubs  are  the  reverse  of  wire- 
worms.  The  body  i;s  thick  and  soft,  dingy  white  in  color,  usu- 
ally somewhat  swollen  and  darker  toward  the  hind  end.  The 


ONE  OF  THE  COMMON  WHITE  GRUBS. 

head  is  small  and  dark  brown.  The  grubs  have  a  habit  of  lying 
more  or  less  curled  up  in  the  soil.  They  are  quite  sluggish. 

The  parents  or  adults  of  white  grubs  are  certain  species  of 
beetles  commonly  known  as  May  beetles,  or  "June  bugs." 
They  are  fairly  large,  heavy  of  body,  and  brown  in  color.  During 
the  day  they  are  apt  to  remain  quiet,  but  in  the  evening  they  are 
in  flight,  and  frequently  fly  into  houses  through  unscreened  win- 
dows. The  adults  feed  to  some  extent  on  the  foliage  of  a  few 
kinds  of  trees,  especially  oaks,  but  usually  do  not  do  much 
damage. 

The  different  life  stages  that  this  insect  goes  through  are  four 
in  number.  Eggs  are  laid  by  the  adult  beetles.  Grubs  hatch 
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from  these,  and  spend  two  or  more  years  in  the  soil,  feeding  and 
growing.  When  mature  they  change  to  the  pupal  stage.  From 
the  latter  the  adult  beetle  emerges,  soft  of  body  at  first  and 
remaining  in  the  soil  until  it  has  hardened. 

The  injury  by  white  grubs  comes  about  in  the  same  manner 
as  that  by  the  wire  worms.  The  ordinary  breeding-place  is  sod 
ground,  the  grubs  devouring  the  grass-roots.  When  such  ground 
is  planted  to  other  crops,  many  grubs  remain  the  first  season 
and  some  the  second,  transferring  their  attentions  to  the  roots 
of  the  planted  crops. 

The  nature  of  the  damage  done  by  these  pests  varies  with  the 
crop  attacked.  In  potatoes  they  gnaw  shallow  cavities  in  the 
surface,  much  as  if  some  small  animal  had  been  at  work  on 
them.  Strawberry  plants  may  be  severely  injured,  the  roots 
being  eaten  away  and  the  plants  killed.  Even  in  sod  ground  the 
grubs  sometimes  become  so  numerous  that  the  grass  is  entirely 
killed  out  in  sections. 

PREVENTING  INJURY. 

Either  with  white  grubs  or  with  wireworms  it  is  not  feasible 
to  kill  off  the  pests  in  the  soil  by  applying  chemicals.  Any 
known  substance  that  might  be  used  for  this  purpose  would 
injure  the  crop  if  applied  in  sufficient  quantity  to  put  an  end  to 
the  worms. 

Preventive  measures,  rather  than  a  cure,  are  called  for.  When 
sod  land  is  broken  up  for  a  crop,  if  it  harbors  many  of  the  pests 
— which  usually  is  the  case — it  had  best  be  planted  at  first  to 
some  crop  not  apt  to  be  badly  injured. 

None  of  the  clovers,  or  related  plants,  such  as  cowpeas  or 
alfalfa,  usually  suffer  appreciable  damage.  A  mixture  of  oats 
and  cowpeas  makes  a  resistant  crop.  Millet  is  not  apt  to  be 
damaged,  and  the  same  is  true  of  rye.  After  the  first  season  in 
one  of  these  crops  it  is  ordinarily  safe  to  follow  with  a  hoed 
crop,  such  as  potatoes  or  corn.  Cabbages  may  safely  follow  sod. 

If  sod  ground  can  be  plowed  late  in  the  fall  many  of  the  pests 
will  be  turned  up,  exposed  to  the  winter  weather  or  to  birds,  and 
will  not  survive.  Such  plowing  will  be  more  effective  if  done  late, 
after  the  worms  have  grown  sluggish.  Chickens  given  the  run 
of  a  newly  plowed  field  will  find  many  of  the  pests. 

Hogs  are  fond  of  white  grubs,  and  will  root  up  the  soil  deeply 
in"  search  of  them.  Advantage  may  be  taken  of  this  fact  in 
ridding  a  field  of  the  pests. 

Approved : 
J.  C.  KENDALL, 

Director  Extension  Work. 
DURHAM,  N.  H.,  March,  1913. 
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CUTWORMS. 

Most  gardens  suffer  more  or  less  damage  each  season  from 
cutworms.  As  with  other  insects,  the  pest  has  its  periods  of 
abundance,  alternating  with  periods  when  the  damage  is  less 
severe,  but  in  the  average  the  injury  done  is  considerable. 
Occasionally  not  only  are  gardens  attacked,  but  certain  field 
crops  as  well.  In  some  years  there  is  noteworthy  damage  to 
the  buds  of  young  fruit  trees. 

NATURE  OF  INJURY. 

The  ordinary  work  of  cutworms  in  gardens  is  familiar  to  most 
people.  In  the  spring,  when  the  young  plants  have  just  pushed 
through  the  ground,  the  discovery  is  made  some  morning  that 
many  of  the  plants  have  been  cut  off  near  the  surface  of  the  soil. 
The  withered  top,  usually  lies  close  by.  Of  the  author  of  the 
mischief  nothing  is  to  be  seen. 


THE  MOTH  THAT  IS  THE  PARENT  OF  ONE 
OF  OUR  COMMON  SPECIES  OF  CUTWORMS. 

If 'now,  we  were  to  remove  the  soil  to  the  depth  of  an  inch 
or  so,  close  to  one  of  the  mutilated  plants,  we  should  be  likely 
to  find  a  dingy-looking,  naked  worm,  about  an  inch  long,  lying 
curled  up  in  the  ground.  It  is  this  worm  that  is  responsible 
for  the  damage.  The  habit  of  the  pest  is  to  work  at  night  only 
and  to  hide  away  before  daylight,  remaining  concealed  until 
darkness  comes  again. 

In  field  crops,  such  as  corn,  the  work  is  quite  similar,  except 
that  usually  it  attracts  less  notice  because  of  the  larger  area 
of  the  crop,  unless  an  exceptional  number  of  worms  are  at  work. 

The  injury  to  the  buds  of  young  fruit  trees  is  due  to  certain 
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species  in  the  same  group  of  insects,  which*  develop  a  climbing 
habit  in  their  search  for  food.  These  also  work  at  night,  crawl- 
ing up  the  trees  and  devouring  the  tender  buds,  returning  again 
to  hide  in  the  ground  during  the  day.  In  greenhouses  these 
same  worms  sometimes  cause  severe  loss  by  climbing  the  stems 
of  such  plants  as  carnations  and  eating  into  the  buds. 

DESCRIPTION  OF  THE  PEST. 

Cutworms  are  the  immature  or  larval  stage  of  various  species 
of  moths,  which,  like  their  offspring,  are  active  mostly  at  night 
and  remain  quiet  during  the  day.  These  moths  are  rather 
dull  colored,  in  shades  of  gray  or  brown,  with  darker  or  lighter 
markings  of  similar  shades,  but  without  bright  colors.  They 
are  readily  attracted  to  lights.  All  are  closely  related. 

With  most  of  the  species  concerned,  the  moths  are  on  the  wing 
in  late  summer,  laying  their  eggs  in  fields  that  have  grown  up 
to  herbage,  especially  where  the  ground  is  covered  with  weeds 
or  with  the  remnants  of  close-growing  garden  produce.  The 
eggs  hatch  in  the  course  of  a  week  or  two,  and  the  tiny  worms 
that  come  from  them  spend  the  rest  of  the  fall  feeding  and 
slowly  growing.  By  the  time  winter  arrives,  they  are  about  one- 
half  to  two-thirds  grown.  They  then  hide  away  in  the  ground 
and  remain  dormant  through  cold  weather. 

In  the  spring  as  warm  weather  comes  on,  they  resume  activity 
and  are  ready  to  make  a  vigorous  meal  on  whatever  food  plant 
is  available. 

About  this  time  the  ground  in  the  gardens  and  fields  is  being 
cultivated  preparatory  to  the  season's  crops,  and  the  hungry 
worms  in  such  places  may  be  compelled  to  forego  feeding  for 
some  days  or  weeks.  As  soon  as  the  first  vegetables  have  shown 
their  heads  above  ground  the  worms  have  their  first  chance  at 
a  meal,  with  the  result  that  in  the  course  of  two  or  three  nights 
whole  rows  of  young  plants  in  a  garden  may  be  cut  off. 

As  the  season  progresses  the  worms  reach  full  growth  and 
shortly  change  to  a  resting  stage  or  pupa.  In  another  two 
weeks  the  adult  moths  emerge,  ready  to  lay  eggs  and  thus  com- 
plete the  year's  round  of  existence. 

REMEDIES  FOR  CUTWORMS. 

Poisoned  Bran  Mash.  The  most  satisfactory  remedy  for 
cutworms  is  a  home-made  material  known  as  poisoned  bran 
mash. .  It  is  simply  a  mixture  of  paris  green,  bran  and  sweetened 
water,  prepared  as  follows: 

If  a  large  amount  is  needed,  mix  thoroughly  one-half  pound  of 
paris  green  with  twenty-five  pounds  of  dry  bran.  Then  prepare 
some  sweetened  water  by  mixing  one  quart  of  cheap  molasses, 
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or  two  or  three  pounds  of  sugar,  with  two  gallons  of  water. 
Moisten  the  poisoned  bran  with  the  sweetened  water.  Use 
just  enough  of  the  water  to  make  the  bran  fairly  moist  without 
making  it  sloppy. 

If  a  small  quantity  is  needed,  mix  one  teaspoonful  of  paris 
green  with  a  quart  of  dry  bran.  It  is  not  really  necessary  to 
measure  the  paris  green  accurately;  simply  use  enough  to  give 
the  bran  a  slightly  greenish  tinge.  Then  prepare  a  pint  of 
sweetened  water  and  moisten  the  bran  with  this. 

To  use  this  material,  fill  a  pail  with  it  and  walk  along  between 
the  rows  in  the  garden,  scattering  the  poisoned  bran  over  the 
surface  of  the  ground  so  that  small  chunks  half  as  big  as  a  walnut, 
or  larger,  will  be  distributed  every  foot  or  two.  Do  this  just 
before  the  plants  are  due  to  come  up. 

This  will  provide  a  meal  for  the  cutworms  in  advance  of 
the  sprouting  of  the  vegetables.  .  They  will  feed  readily  on  the 
poisoned  bran,  and  will  be  killed  before  they  have  an  opportunity 
to  damage  the  plants. 

It  is  essential  when  using  this  remedy  that  poultry  be  kept 
away  from  the  garden  for  a  few  days.  After  a  week  or  two, 
or  after  one  or  two  rains,  the  bits  of  bran  usually  disappear 
sufficiently  so  that  there  is  little  danger  of  poisoning  poultry. 

Mechanical  Protection.  Often  cutworms  cause  excessive  dam- 
age by  cutting  off  newly  set  tomato  plants  or  cabbage  plants 
that  have  just  been  transplanted  from  seed  boxes.  Such-  plants 
may  be  rather  easily  protected  by  wrapping  a  small  square  or 
strip  of  paper  around  the  stem  when  setting  them  out,  so  that 
the  stem  near  the  ground  will  be  protected  by  a  cylinder  or 
collar  of  paper.  This  paper  protector  should  extend  into  the 
ground  half  an  inch  and  above  ground  two  or  three  inches.  If 
soft  paper  is  used,  the  collar  should  make  two  or  three  turns 
around  the  stem,  so  as  to  give  sufficient  thickness  to  stand  up 
in  spite  of  showers. 

Cultivation.  As  has  been  stated  above,  the  moths  that  are 
the  parents  of  cutworms  are  on  the  wing  in  late  summer,  laying 
their  eggs  in  fields  thai  are  grown  up  to  such  herbage  as  weeds. 
If  land  is  kept  in  clean  cultivation  at  this  time,  especially  if 
it  is  in  a  crop  such  as  potatoes  or  tomatoes  in  which  there  is 
only  one  plant  to  considerable  area  of  soil,  there  will  be  few 
eggs  laid  there  by  the  moths.  Keeping  down  weeds  in  the  late 
summer  is,  therefore,  one  means  of  avoiding  damage  the  next 
season. 

Approved : 

J.  C.  KENDALL, 

Director  of  Extension  Work. 
DURHAM,  N.  H.,  March,  1913. 
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THE  SPINY  ELM  CATERPILLAR 


BY    CLARENCE    M.    WEED 


In  New  Hampshire  during  the  last  three  years  there  have 
been  frequent  complaints  of  injury  to  the  foliage  of  elm  trees 
by  a  black,  spiny  caterpillar.  The  extent  of  the  injury  ap- 
pears to  have  been  increasing  from  year  to  year  until,  in  1899, 
it  attracted  very  general  attention.  In  some  localities  the 
damage  done  was  compared  to  that  done  by  the  hosts  of  the 
Forest  Tent  Caterpillar  or  Maple  Worm.  The  correspond- 
ence of  this  station,  as  well  as  trips  in  the  field,  has  shown 
the  desirability  of  a  full  statement  of  the  life  history  of  the 
insect,  and  of  the  remedial  measures  to  be  taken  against  it. 


Fig.  41.    Mourning  Cloak  or  Antiopa  Butterfly. 

This  bulletin,  therefore,  is  issued:  it  embodies  a  statement  of 
the  results  of  the  studies  of  the  insect  carried  on  at  this  sta- 
tion by  the  entomologist  and  his  assistant,  Mr.  W.  F.  Fiske, 
as  well  as  a  summary  of  the  previous  knowledge  of  the  species. 
It  aims,  in  short,  to  place  before  the  people  of  the  state  a  brief 
account  of  all  that  is  known  of  the  pest  in  so  far  as  it  may  be 
of  practical  value. 
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THE  LIFE  HISTORY  OF  THE  CATERPILLAR 

During  sunny  days  in  spring  one  may  often  see  a  beautiful 
purple-black  butterfly,  having  a  cream-colored  border  along 
the  outer  margin  of  its  wings,  flying  leisurely  about.  This 
butterfly  is  called  the  Mourning  Cloak  or  Antiopa  Butterfly; 
it  is  represented  nearly  natural  size  in  Fig.  41.  It  has  passed 
the  winter  in  this  adult  condition,  having  found  shelter  in 
some  retreat  where  it  was  not  directly  exposed  to  the  storm 
and  stress  of  the  weather. 


Fig.  42.    Butterfly  just  after  depositing  eggs  (a). 

When  the  leaves  of  elm,  willow,  and  poplar  trees  are  nearly 
expanded  these  butterflies  deposit  their  eggs  upon  the  twigs. 
These  eggs  are  laid  in  clusters  encircling  the  twig,  there  being 
twenty  or  more  in  each  cluster;  their  general  appearance  is 
shown  in  Fig.  42.  In  the  act  of  oviposition  the  butterfly  keeps 
her  wings  spread  out,  moving  the  body  and  abdomen  about  as 
the  placing  of  the  eggs  necessitates.  About  two  weeks  after 
the  clusters  of  eggs  are  thus  laid  upon  the  twigs  of  the  food- 
plant  they  hatch  into  small  blackish  caterpillars,  each  emerg- 
ing from  the  egg-shell  through  a  small  hole  that  it  eats  out  of 
the  upper  surface.  They  thus  enter  upon  the  second  stage  of 
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their  life-history — the  larva  or  caterpillar  stage.  As  soon  as 
hatched  they  crawl  to  the  nearest  leaf,  upon  which  they  range 
themselves  side  by  side,  with  their  heads  toward  the  margin  of 
the  leaf.  They  feed  in  this  position,  nibbling  at  the  green 
surface  of  the  leaf-blade,  and  leaving  the  network  of  veins 
untouched. 


Fig.  43.     Denuded  twigs  showing  cast  skins  of  the  caterpillars. 

These  caterpillars  continue  to  feed  in  this  manner  for  about 
a  week,  remaining  side  by  side  when  feeding,  and  marching 
in  processions  from  one  leaf  to  another,  as  the  food  supply  is 
exhausted.  Wherever  they  go  each  spins  a  silken  thread  on 
the  surface  traversed,  so  that  the  combination  of  all  the 
threads  makes  a  sort  of  carpet  that  serves  as  a  foothold  for 
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the  caterpillars.  At  the  end  of  the  week  they  moult  or  cast 
their  skins,  a  process  in  which  the  skin  of  each  insect  splits 
open  along  the  back,  and  the  caterpillar  crawls  out  of  it, 
being  covered  with  a  new  skin  that  had  been  formed  beneath 
the  old  one.  This  new  skin  stretches  somewhat  after  the 
caterpillar  emerges,  so  that  the  insect  is  able  to  increase  con- 


Fig.  44?    Colony  of  Caterpillars  feeding  upon  willow. 

siderably  in  size.  At  the  period  of  moulting  the  caterpillars 
remain  quiet  for  a  short  time,  but  they  soon  become  active 
again  and  begin  feeding  with  increased  voracity. 

During  the  next  three  weeks  this  moulting  process  is  re- 
peated three  times,  the  caterpillars  becoming  larger  each  time, 
and  leaving  their  cast  skins  upon  the  denuded  twigs,  as  shown 
in  Fig.  -13.  They  soon  scatter  more  or  less  over  neighboring 
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leaves,  but  remain  in  closely  associated  colonies,  as  repre- 
sented in  Fig.  44.  As  they  increase  in  size  they  eat  more  and 
more  of  the  leaf  substance;  when  half  grown  they  devour  all 
but  the  midrib  and  the  side  veins,  but  when  they  get  larger 
only  the  midribs  arc  left,  as  may  be  seen  in  Fig.  43. 


ft 


Fig.  45.    Denuded  Elm  twig  showing  carpet  web. 

The  carpet-web  "that  they  form  becomes  more  conspicuous 
as  the  caterpillars  develop,  and  often  binds  the  ends  of  neigh- 
boring twigs  together,  especially  in  those  places  to  which  the 
caterpillars  retire  for  rest  after  feeding.  Examples  of  such 
webbing  of  the  denuded  surface  are  shown  in  Figs.  45  and  50. 
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About  four  weeks  from  the  time  of  hatching  these  Spiny 
Elm  Caterpillars  become  full  grown.  They  then  leave  the 
tree  or  shrub  on  which  they  have  been  feeding  and  scatter 
•about,  seeking  some  sheltered  situation.  Having  found 
this, — perhaps  beneath  a  stump  or  along  the  underside  of  a 
fence, — each  caterpillar  spins  a  web  of  silk  along  the  surface. 

It  then  entangles  the 
hooked  claws  of  its  hind 
legs  in  this  silken  web 
and  lets  its  body  hang 
vertically  with  the  head 
end  curved  upward.  It 
remains  in  this  position 
for  some  hours  before  the 
skin  along  the  back  just 
behind  the  head  splits 
apart  and  is  gradually 
wriggled  upward  until  it 
is  finally  all  removed,  and 
there  hangs  in  place  of 
the  caterpillar  a  peculiar 
object  having  no  definite 
form.  But  it  rapidly  as- 
sumes a  definite  form — 
that  of  the  chrysalis 
F\g.  46.  Four  views  of  the  chrysalis.  which  is  represented  in 

Fig.  46.     These  pictures 

will  show  sufficiently  the  shape  and  size  of  the  chrysalis,  which 
is  of  a  grayish  brown  color,  different  specimens  varying  some- 
what in  shade. 

In  this  quiet  chrysalis  the  insect  is  apparently  almost  as 
inert  as  a  mummy.  If  you  touch  it,  it  wilt  wriggle  a  little 
but  otherwise  it  hangs  there  mute  and  helpless.  On  the 
inside,  however,  the  tissues  are  being  made  over  in  such  a 
wonderful  way  that  in  about  two  weeks,  from  the  mummy- 
case  into  which  the  caterpillar  entered,  there  comes  a  beauti- 
ful butterfly.  When  it  first  breaks  the  mummy-shell  its  wings 
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#re  very  small,  although  its  body,  "feelers,"  and  legs  are  well 
developed.  By  means  of  the  latter  it  clings  to  the  empty 
chrysalis  while  its  wings  expand.  A  butterfly  in  this  posi- 
tion with  its  wings  nearly  expanded,  is  shown  in  Fig.  47,  which 
like  all  but  one  of  the  photographs  of  the  insects  illustrated 
in  this  bulletin  was  taken  from  the  living  specimen.  In  the 
course  of  half  an  hour  the  wings  become  fully  developed,  and 
the  butterfly  is  likely  to  crawl  to  some  firmer  support  where 
it  will  rest  an  hour  or  so  before  venturing  upon  its  first  flight. 

FOOD-PLANTS    OF    THE    CATERPILLARS 

The  caterpillars  of  the  Mourning  Cloak  Butterfly  are  re- 
stricted to  comparatively  few  food-plants.     In  regions  where 

f they     are     not     especially 

abundant  they  are  likely  to 
be  found  upon  willow,  pop- 
lar, or  elm.  In  general  our 
observations  indicate  that 
they  are  as  likely  to  be  found 
on  any  one  of  these  food- 
plants  as  upon  either  of  the 
other  two;  but  in  certain 
localities  where  they  become 
especially  abundant  it  seems 
that  they  are  more  likely  to 
occur  upon  the  elm.  There 
is  considerable  evidence  to 
show  that  they  prefer  the 
American  elm  to  other  spe- 

Fig.47.    Butterfly  hanging  to  empty        {  f   tfa  although 

chrysalis  as  its  wings  expand. 

in  the  case  of  willow  and 

poplar  there  seems  to  be  little  if  any  preference  as  to  spe- 
cies. Miss  C.  G.  Soule  has  seen  the  butterflies  depositing 
their  eggs  upon  the  white  and  canoe  birch,  and  in  Labrador 
and  Europe  it  has  been  recorded  as  feeding  upon  a  species 
of  birch.  There  is  one  record  of  the  caterpillars  having  been 
found  feeding  upon  the  hackberry  (Celtis  occidentalism ,  and 
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also  one  of  their  having  fed  greedily  upon  the  leaves  of  rose,. 
and  another  of  their  having  almost  defoliated  a  pear  tree. 
Linden  and  nettle  are  also  included  in  the  European  lists  of 
the  food-plants  of  this  species.  It  is  evident,  however,  that 
all  of  these  except  the  three  first  named — willow,  poplar,  and 
elm — are  to  be  regarded  as  exceptional  cases,  and  that  the 
normal  food  of  the  species  is  the  foliage  of  a  plant  belonging 
to  one  of  these  three  genera. 

BROODS    AND    HIBERNATION 

It  has  generally  been  supposed  that  this  species  is  double- 
brooded  in  central  and  southern  New  England,  the  butterflies 
of  the  first  brood  appearing  early  in  July.  These  are  said  to- 
deposit  eggs  which  hatch  into  caterpillars  that  mature  into- 
butterflies  early  in  September.  •  These  butterflies  live  through 
the  winter,  laying  eggs  the  following  spring. 

Unless  the  summer  of  1899  was  exceptional,  however,  this- 
idea  of  the  yearly  history  of  the  species  will  have  to  be  modi- 
fied, for  during  this  season,  in  New  Hampshire  and  Vermont 
at  least,  there  was  practically  but  one  brood.  Continual! 
observations  by  Miss  Caroline  G.  Soule  at  Brandon,  Vt.,  and 
by  Mr.  Fiske  and  myself  in  this  state  show  that  there  was 
scarcely  a  trace  of  a  second  brood  of  caterpillars,  for  with  all 
our  searching  in  July  and  August  we  found  but  a  single  col- 
ony of  larvse.  These  were  discovered  on  a  willow  at  Durham 
August  3.  During  the  period  when  the  second  brood  of  cat- 
erpillars are  supposed  to  be  at  work,  I  traveled  by  carriage  and 
on  foot  over  hundreds  of  miles  of  roadway  in  southern  New 
Hampshire  and  southern  Maine,  and  though  there  was  every- 
where evidence  of  the  presence  of  the  first  brood,  none  of  the 
second  were  seen.  During  the  same  period  Miss  Soule  was 
watching  in  the  region  of  Brandon,  Vt.,  and  Mr.  Fiske  took  an 
extended  trip  through  central  New .  Hampshire.  But  save 
for  the  single  colony  mentioned,  all  our  looking  did  not  reveal; 
a  trace  of  the  second  brood.  Nor  was  there  a  single  com- 
plaint from  correspondents  of  injury  at  the  supposed  time  of 
the  second  brood,  although  many  accounts  of  the  depreda- 
tions of  the  first  brood  were  received. 


BROODS    AND    HIBERNATION 


13:} 


In  view  of  all  this  evidence  it  seems  safe  to  conclude  thai 
in  the  region  under  consideration  a  single  brood  is  the  rule 
rather  than  the  exception.  This  involves  the  conclusion  that 
the  butterflies  seen  upon  the  wing  early  in  autumn  are  the 
same  ones  that  developed  in  July,  and  that  these  same  but- 
terflies remain  alive  through  the  winter  and  until,  in  the 
following  May,  they  lay  their  eggs.  Thus  there  is  a  period 
of  ten  months  of  existence  in  the  butterfly  state,  an  extraordi- 
nary length  of  time  for  a  butterfly  to  live. 

To  a  large  extent  the  butterflies  disappear  in  August,  and 
the  question  arises  as  to  what  becomes  of  them.  Our  observa- 
tions lead  to  the  conclusion  that  they  go  into  summer  quar- 

ters     similar     to     those 

which  they  seek  out  for 
winter  shelter.  Appar- 
ently they  fly  about  for  a 
few  days  after  coming' 
from  the  chrysalis  and 
then  retire  to  cool  woods, 
where  under  the  side  of  a 
log  or  beneath  the  loose 
bark  of  a  dead  tree  they 
settle  down  and  to  all  ap- 
pearances go  to  sleep. 
The  instinct  to  remain 
quiet  is  very  strong  in 
Fig.  48.  Butterfly  "playing 'possum",  these  butterflies.  In  mak- 
ing the  photographs  that  illustrate  this  bulletin  I  found  that 
even  shortly  after  coming  from  the  chrysalis  the  butterflies 
when  disturbed  would  fold  their  wings  with  the  antennae  be- 
tween them,  and  drawing  the  legs  against  the  body,  would  lie 
quietly  on  their  sides  for  a  long  time;  the  position  thus 
assumed  by  the  living  butterfly  is  shown  in  Fig.  48.  These 
same  butterflies  would  also  hang  downward  from  a  limb  by 
the  hour  in  the  hibernating  position  as  shown  in  Fig.  49. 

In  the  cooler  weather  of  early  autumn  the  butterflies  come 
from  their  summer  retreats  and  fly  about  in  the  sunshine- 
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They  are  especially  likely  to  be  seen  along  the  borders  of 
woods  or  in  open  glades.  At  this  time  they  love  the  sun- 
shine, and  will  settle  in  a  sunny  place  to  bask  in  it. 

On  a  spring-like  day  early  in  November  (the  eighth)  I  came 
across  one  of  these  butterflies  basking  in  the  sunshine  upon 
the  ties  of  a  railway  track.  It  rested  with  its  wings  wide 
open.  On  being  disturbed  it  would  fly  a  short  distance 
and  then  alight,  and  I  was  interested  to  notice  that  after 
Alighting  it  would  always  turn  about  until  the  hind  end  of  its 


Fig.  49.    Butterfly  hanging  from  branch  in  hibernating  position. 

'body  pointed  in  the  direction  of  the  sun,  so  that  the  sun's 
rays  struck  its  wings  and  body  nearly  at  right  angles.  I 
repeatedly  observed  this  habit  of  getting  into  the  -position 
in  which  the  most  benefit  from  the  sunshine  was  received,  and 
it  is  of  interest  as  showing  the  extreme  delicacy  of  perception 
toward  the  warmth  of  sunshine  which  these  creatures  possess. 
During  the  colder  part  of  the  year  in  bright  weather  when 
these  butterflies  are  most  often  abroad,  they  commonly  hold 
their  wings  open  when  they  alight,  but  during  the  warmer 
summer  days  they  are  more  likely  to  rest  with  the  wings 
closed. 
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When  the  warm  days  no  longer  tempt  them  abroad  the 
Mourning  Cloak  Butterflies  seek  shelter  in  many  sorts  of 
situations, — under  loose  bark,  in  hollow  trees,  under  culverts 
and  bridges,  in  woodpiles,  in  crevices  of  rocks,  alongside  logs 
lying  on  the  ground.  In  such  retreats  they  remain  until  the 
sunshine  of  spring  again  calls  them  forth. 

FEEDING   HABITS    OF   THE   BUTTERFLY 

The  Mourning  Cloak  Butterflies  subsist  upon  a  consider- 
able variety  of  liquid  food  which  they  suck  through  their 
long  tongues.  In  spring,  when  they  first  come  from  their 
winter  quarters,  they  visit  the  stumps  of  recently  cut  trees 
and  suck  the  exuding  sap,  a  habit  which  they  continue  when- 
ever opportunity  offers.  Mr.  Fiske  has  noticed  that  they  com- 
monly sip  the  sap  of  maple  twigs  where  the  squirrels  have 
gnawed  the  bark.  A  little  later  they  visit  the  willow  catkins 
to  suck  the  nectar  secreted  by  these  blossoms,  and  still  later 
they  hover  about  the  delicate  blossoms  of  the  mayflower  or 
trailing  arbutus  for  a  similar  purpose.  Probably  many 
other  flowers  are  thus  rifled  of  their  sweets,  although  this 
butterfly  seems  to  be  a  less  regular  visitor  to  flowers  than  are 
many  of  its  allies.  A  little  later,  when  the  aphides  or  plant- 
lice  have  become  sufficiently  abundant  so  that  the  so-called 
"honey-dew"  is  to  be  found  upon  the  infested  shrubs,  these 
Mourning  Cloaks  sometimes  sip  the  liquid  sweet  from  the 
surface  of  the  leaves.  In  April  and  May  they  occasionally 
visit  the  flowers  of  moosewood,  and  later  in  the  season  have 
been  observed  upon  the  blossoms  of  the  common  milkweed. 
From  the  time  the  early  apples  ripen  these  butterflies  may 
often  be  seen  beneath  the  orchard  trees  sipping  the  liquids 
of  the  fallen  and  decaying  fruit. 

POPULAR   NAMES    OF   THE    BUTTERFLY 

In  Ciermany  this  butterfly  is  called  Trauer mantel,  from  the 
translation  of  which  is  derived  the  common  American  name, 
Mourning  Cloak.  Its  other  common  name  with  us,  Antiopa 
Butterfly,  is  derived  from  its  Latin  name, — Vanessa  antiopa. 
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In  England  it  is  called  the  Camber  well  Beauty,  from  its  hav- 
ing been  found  at  an  early  date  at  or  near  Camberwell.  A 
still  earlier  title  adopted  for  it  in  England  was  "The  Grand 
Surprise,"  given  by  butterfly  collectors  because  at  the  begin- 
ning of  the  century  after  a  long  absence  it  appeared  in  con- 
siderable numbers. 

In  most  books  upon  insects  the  technical  name  of  this  but- 
terfly is  given  «>s  Vnnessa  antiopa.  In  his  recent  writings 
Mr.  S.  H.  Scudder  has  called  it  Euvanessa  antiopa,  although 
in  one  of  his  earlier  books  he  called  it  Papilio  antiopa. 
Questions  of  nomenclature,  however,  need  no  consideration 
in  this  connection,  and  I  mention  these  names  only  for  the 
guidance  of  any  reader  that  may  wish  to  study  what  has  been 
printed  about  the  species. 

THE    CATERPILLARS   NOT   POISONOUS 

During  the  earlier  years  of  our  country's  history  many  peo- 
ple regarded  these  caterpillars  as  "venomous  and  capable  of 
inflicting  dangerous  wounds."  Dr.  T.  W.  Harris  states  that 
he  had  known  people  to  cut  down  poplar  trees  around  dwell- 
ings to  prevent  the  presence  of  such  dangerous  caterpillars. 
But  these  insects  are  not  poisonous,  and  may  be  handled  with 
little  fear  of  injury,  although  the  sharp  spines  might  perhaps 
penetrate  the  delicate  skin  of  a  child's  hand. 

GEOGRAPHICAL   DISTRIBUTION 

The  Mourning  Cloak  Butterfly  is  one  of  the  most  widely 
distributed  insects  in  existence.  Not  only  is  it  found  in 
North  America  as  far  south  as  Bermuda,  Florida,  and  Mexico, 
but  it  is  also  found  throughout  northern  Europe,  and  in  Asia 
and  Japan.  Consequently,  as  Mr.  Scudder  has  said,  it  appears 
to  be  distributed  "over  the  entire  breadth  of  the  northern 
hemisphere,  below  the  Arctic  circle  as  far  south  as  the  thirtieth 
parallel  of  latitude."  This  is  an  extraordinary  distribution 
for  an  insect,  and  shows  a  remarkable  power  of  adaptation  to 
the  varying  surroundings  in  which  the  species  occurs.  In 
the  northern  United  States  this  is  one  of  the  commonest  and 
most  familiar  butterflies. 
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As  a  rule  the  caterpillars  of  the  Mourning  Cloak  Butter- 
flies are  to  be  found  only  in  occasional  colonies,  so  that  the 
damage  they  do  attracts  little  if  any  attention.  But  some- 
times the  weather  or  other  conditions  are  so  favorable  to  their 


Fig.  50.    Poplar  twig  denuded  by  caterpillars,  showing  carpet  web. 

development  that  they  multiply  beyond  this  normal  limit  and 
are  to  be  found  in  great  numbers.  At  such  times  serious 
damage  is  often  done.  In  this  country  such  local  outbreaks 
of  the  species  have  frequently  occurred,  generally,  however, 
over  very  limited  areas.  So  far  as  I  can  learn  the  insect  has 
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never  caused  snch  widespread  destruction  as  the  Forest  Tent 
Caterpillar  has  recently  caused  in  New  England.  In  the 
tree  plantations  of  the  prairie  regions  of  the  West,  these  cater- 
pillars are,,  according  to  Prof.  Otto  Lugger,  "very  injurious 
and  sometimes  denude  whole  rows  of  willows  and  poplars." 
The  same  observer  adds:  "They  are  still  more  fond  of  the 
leaves  of  elms,  and  I  have  seen  them  so  numerous  upon  those 
trees  in  Michigan  that  branches  were  broken  by  their  weight/7 
In  other  regions  of  the  West  similar  records  have  been  made. 

NATURAL   ENEMIES 

Like  most  other  insects  the  Mourning  Cloak  Butterflies 
have  many  natural  enemies  to  contend  against.  From  the 
moment  the  egg  is  laid  until  the  butterfly  dies  it  is  in  constant 
danger. 

Some  of  the  eggs  never  hatch  into  caterpillars  because  a 
tiny  fly,  scarcely  one  twentieth  of  an  inch  in  length,  finds  the 
egg  mass,  and  deposits  in  each  egg  another  egg, — the  latter 
being  microscopic  in  size.  This  tiny  egg  soon  hatches  into  a 
maggot  almost  equally  tiny,  and  the  maggot  grows  by  absorb- 
ing the  contents  of  the  butterfly  egg.  In  due  time  it  changes 
to  a  minute  pupa,  later  to  change  to  a  minute  fly  like  the  one 
that  laid  the  microscopic  egg.  This  minute  fly  now  gnaws  a 
hole  through  the  egg-shell  of  the  butterfly  and  comes  out  into 
the  world.  The  little  creature  that  has  thus  developed  at 
the  expense  of  the  egg  of  the  butterfly  is  called  an  egg  para- 
site. There  are  many  species  of  these  egg  parasites  and  they 
attack  the  eggs  of  many  kinds  of  insects.  The  particular  spe- 
cies that  develops  in  the  eggs  of  the  Mourning  Cloak  Butter- 
fly is  called  by  scientists  Telenomus  grapta. 

After  hatching  from  the  egg  the  caterpillars  are  subject  to 
the  attacks  of  various  parasites.  One  of  these  is  quite  mi- 
nute,— not  a  great  deal  larger  than  the  egg  parasites.  It  is  a 
tiny  four-winged  fly  which  deposits  many  eggs  in  a  single 
caterpillar.  The  eggs  hatch  into  tiny  maggots  that  grow  at 
the  expense  of  the  caterpillar,  finally  killing  it  and  changing 
to  four-winged  flies  again.  As  many  as  145  of  these  para- 
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sites  have  been  known  to  emerge  from  a  single  dead  cater- 
pillar. These  little  flies  are  called  Chakids  by  entomologists. 
There  is  still  another  group  of  four-winged  flies,  some  of 
which  attack  the  Antiopa  Caterpillars.  These  are  much  larger 
than  the  Chalcid  flies  and  are  called  Ichneumon  Flies.  In  the 
case  of  these  only  one  or  two  parasites  develop  in  each  cater- 
pillar or  chrysalis. 

In  addition  to  these  various  four-winged  flies  there  are  cer- 
tain two- winged  flies,  called  Tachinid  Flies,  that  develop  at 
the  expense  of  the  caterpillars.     In  Xew  Hampshire,  during 
recent  years,  these  appear  to  have  been  the  most  abundant 
parasites  of  these  insects.     An  egg  is  laid  on  the  skin  of  the 
caterpillar  by  a  two-winged  fly,  similar  in  general  appearance 
to  Fig.  51.     The  contents  of  this  egg  shortly  develop  into  a 
tiny  grub  that  burrows  through  the  egg-shell  and  the  skin 
of  the  caterpillar  into  the  inside  of  the  body.     Here  it  remains 
absorbing  the  body  substance  of  its  host 
and  gradually  increasing  in  size.     In  a 
few  weeks  it  becomes  fully  developed  in 
this  grub  state.     By  this  time  the  cater- 
pillar  has   become   sluggish   from   the 
effects  of  the  parasite.     If  the  branch 
Fig.  si.  Taciunid  fly.     upon  which  it  feeds  is  disturbed  the 
(Redrawn  from  Scudder.)  other  caterpillars   are   likely  to   crawl 
away,  but  it  remains  in  its  place.     The  caterpillars  illustrated 
on  the  web  in  Fig.  45  were  parasited  specimens  that  thus 
remained  after  the  others  had  crawled  away. 

Shortly  after  becoming  full  grown  the  Tachinid  grub 
breaks  through  the  skin  of  the  dying  caterpillar  and  falling 
to  the  ground  changes  to  a  peculiar  pupa;  the  outer  skin  of 
the  grub  turns  brown  and  becomes  hard,  forming  a  protective 
covering  for  the  body  inside.  A  week  or  two  later  the  insect 
undergoes  another  change  and  emerges  as  a  two-winged  Ta- 
chinid fly  like  the  one  that  laid  the  egg  some  weeks  before. 

Our  observations  indicate  that  during  the  last  season  a 
comparatively  small  proportion  of  the  caterpillars  were  af- 
fected by  parasites  of  any  kind. 
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PHEDACEOUS    INSECTS 

Besides  those  insects  which  develop  on  the  inside  of  the 
bodies  of  these  caterpillars,  called  parasites,  there  are  other 
insect  enemies  that  attack  them  from  the  outside  and  devour 
them  bodily.  Such  enemies  are  called  predaceous  insects. 
The  most  notable  of  these,  perhaps,  is  a  large  beetle  called 
the  caterpillar  hunter;  it  is  known  to  entomologists  as  Calo- 
soma  scrutator.  Some  cases  are  on  record  in  which  this  insect 
has  been  observed  to  destroy  many  of  the  Antiopa  Caterpillars. 
In  New  Hampshire,  however,  this  beetle  is  comparatively 
rare,  and  it  can  be  relied  upon  for  but  little  help. 

In  the  Southern  states  a  large  reddish  wasp  has  been 
observed  to  attack  and  destroy  the  Antiopa  Caterpillars. 
There  are  probably  also  various  other  insect  enemies  at  work, 
although  definite  observations  upon  them  have  not  been  re- 
corded. 

These  Elm  Caterpillars  are  such  spiny  creatures  that  com- 
paratively few  birds  attack  them.  They  are  devoured,  how- 
ever, by  the  cuckoos,  of  which  we  have  two  species  in  New 
England, — the  yellow-billed  and  the  black-billed  cuckoos. 
It  is  probable  also  that  these  insects  are  eaten  by  Baltimore 
orioles  and  various  other  birds. 

These  caterpillars  are  also  greedily  devoured  by  toads,  but 
of  course  as  a  rule  they  do  not  come  within  reach  of  these 
useful  animals. 

REMEDIES 

In  general  the  most  satisfactory  remedy  for  these  caterpil- 
lars is  to  cut  off  while  they  are  still  young  the  branch  on 
which  they  are  feeding,  and  crush  or  burn  yie  insects.  After 
they  become  larger  they  may  be  shaken  off  and  crushed.  Or 
the  colonies  may  be  brought  down  with  a  torch,  care  being 
taken  to  kill  the  caterpillars  that  fall  to  the  ground,  as  prob- 
ably many  of  them  will  not  be  seriously  injured  by  the  flame. 
Jarring  the  limbs  with  a  padded  mallet  will  also  be  a  useful 
way  of  bringing  down  those  out  of  reach;  or  they  may  be 
brought  down  by  use  of  a  strong  stream  of  water  from  a  force 
pump  or  hydrant. 
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These  caterpillars  are  also  open  to  destruction  through 
spraying  with  arsenate  of  lead  or  other  forms  of  arsenical 
poisons. 

BANDING    THE    TREES    IS    USELESS    FOR    THESE    CATERPILLARS 

In  one  city  in  this  state  where  the  Spiny  Elm  Caterpillars 
were  rather  abundant  last  season,  many  owners  of  shade  trees 
applied  bands  of  various  sorts  to  the  trunks  of  the  trees  to 
prevent  the  injury.  Presumably  this  was  done  on  the  theory 
that  as  bands  are  successfully  employed  against  canker  worms, 
they  are  equally  good  against  other  caterpillars.  In  the  case 
of  canker  worms,  however,  the  female  moth  which  lays  the 
eggs  is  wingless,  so  that  the  bands  prevent  her  from  ascending 
the  trees.  But  with  the  Spiny  Elm  Caterpillar  the  parent 
insect  that  lays  the  eggs  is  a  butterfly  which  can  easily  fly  to 
the  tops  of  the  tallest  trees.  The  eggs  are  deposited  on  the 
twigs  by  these  butterflies,  and  the  caterpillars  remain  in  the 
close  neighborhood  of  the  place  where  they  hatch  until  they 
are  full  grown.  Consequently,  any  banding  of  the  tree  is  a 
waste  of  energy  so  far  as  this  insect  is  concerned. 
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FIG.  20.     Fragments  of  Leaves  of  Maple  cut  off  by  Forest  Tent 
Caterpillars. 
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DURING  the  last  three  years,  in  many 
parts  of  New  Hampshire  and  neigh- 
boring states,  there  has  been  a  serious 
outbreak  of  the  insect  which  has  long 
been  known  as  the  Forest  Tent  Cat- 
erpillar, although  in  most  regions 
where  it  has  recently  been  present  it 
is  called  the  Forest  Worm.  It  has 
attacked  forest,  orchard,  and  shade 
trees,  and  has  done  a  great  deal  of 
damage  in  many  regions  of  New  Eng- 
land. 

This  is  no  new  pest :  for  a  century 
or  more  it  has  been  known  as  a 
destructive  insect.  At  frequent  in- 
tervals in  the  past  it  has  ravaged 

orchards  and  woodlands  in  widely  separated  states  ;   from  Maine 
to  Texas  severe  attacks  by  it  have  been  recorded. 

These  Forest  Tent  Caterpillars  hatch  from  eggs  which  are 
deposited  in  cylindrical  masses  that  form  complete  circles  upon 
the  smaller  twigs  of  a  considerable  variety  of  trees.  The 
appearance  of  these  ''caterpillar  belts"  is  shown  in  Fig  21  ; 
the  eggs  are  covered  with  a  brittle  substance  which  gives  the 
mass  a  shiny  appearance,  especially  in  a  bright  light. 

The  young  caterpillars  or  larvae  come  forth  from  the  egg  in 
spring  about  the  time  the  leaves  of  the  trees  begin  to  unfold. 
When  first  hatched  they  are  tiny  creatures,  scarcely  one-tenth 
of  an  inch  long,  showing  under  a  lens  that  the  blackish  body  is 
provided  with  a  covering  of  long  brownish  or  grayish  hairs. 


FIG.  2i. — Egg  Masses. 
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Wherever  they  go  these  little  larvas  spin  a  silken  thread  which 
marks  their  pathway,  although  the  thread  is  so  slender  that  it 
is  generally  to  be  seen  only  through  a  lens. 

The  tiny  caterpillars  feed  upon  the  tender  leaves  of  the  twig 
near  where  the  egg  mass  was  placed.  In  about  two  weeks 
each  larva  increases  in  size  to  such  an  extent  that  the  skin  in 
which  it  came  from  the  egg  is  too  small  for  it.  This  skin  then 
splits  open  along  the  back,  and  the  caterpillar  crawls  out  clad 
in  a  new  skin  that  had  gradually  been  forming  beneath  the  old 
one.  This  skin-shedding  process  is  called  moulting  ;  it  is  the 
general  way  in  which  insects  provide  for  increase  in  size.  All 
sorts  of  caterpillars  as  well  as  other  insects  moult  as  they  grow. 
After  the  first  moult  the  Forest  Caterpillars  begin  feeding 
again,  eating  of  course  more  and  more  of  the  foliage  as  they 
become  larger.  A  week  or  so  later  they  again  moult,  a  pro- 
cess which  is  twice  repeated  thereafter  at  similar  intervals. 
At  the  period  of  moulting  the  caterpillars  are  in  the  habit  of 
congregating  upon  the  trunks  or  larger  limbs  of  the  tree,  often 
not  far  from  the  ground.  Beneath  the  mass  of  larvae  there  is 
an  inconspicuous  web  in  which  the  feet  are  more  or  less  en- 
tangled. The  appearance  of  the  caterpillars  at  such  times  is 
well  shown  in  the  photograph  reproduced  in  Fig.  24,  for  the 
use  of  which  I  am  indebted  to  Dr.  F.  W.  Russell,  Winchen- 
don,  Massachusetts. 

When  the  caterpillars  become  full  grown  in  this,  their  larval 

state,  each  seeks  a  place 
in  which  to  spin  its  co- 
coon. Many  remain  in 
the  trees  and  tie  up  the 
leaves  by  silken  threads, 
thus  forming  a  partial 
or  complete  covering  for 
the  cocoon  (Fig.  29). 
Others  seek  crevices  in 
the  rough  bark,  while 
many  others — probably 

one-half  or  more  of  all 
FIG.  22.  Forest  Tent  Caterpillar  ;  a,  markings 

on   one   ring  of  the  back  ;   /,,  markings  on    the  caterpillars— forsake 
one  ring  of  the  side.  the  tree  and  wander  oft 
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in  all  directions,  utilizing  any  shelter  they  may  come  upon. 
They  commonly  crawl  up  the  sides  of  houses  and  other  build- 
ings, and  form  their  cocoons  along  the  clapboards  or  beneath 
the  gables. 

The  cocoon  is  made  of  silk  with  an  outer  mass  very  loosely 
spun,  and  an  inner  mass  so  much  more  closely  woven  that  it 
forms  a  web  of  almost  parchment-like  texture.  As  in  the  case 
of  the  American  Tent  Caterpillar,  the  threads  of  the  cocoon  are 
white  when  first  spun,  but  become  yellow  by  being  saturated 
with  a  liquid  which  the  caterpillar  ejects  shortly  before  pupa- 
tion. As  this  liquid  dries  it  leaves  a  yellow  powder  in  the  silk. 

Soon  after  forming  the  cocoon  around  itself  the  caterpillar 
changes  to  the  pupa  or  chrysalis  condition,  becoming  an  oval 
brown  object  without  legs  or  wings,  able  to  move  only  by  a 
wriggling  of  its  body.  In  this  condition  it  takes  no  food,  but 
within  the  quiet  exterior  the  body  of  the  caterpillar  is  being 
developed  into  that  of  a  moth. 

About  ten  days  after  the  cocoon  was  made  the  pupa  skin 
cracks  open,  and  a  brownish  moth  -emerges  from  the  cocoon  : 
this  is  the  adult  condition  of  the  Forest  Caterpillar.  The  male 
moths  are  slightly  smaller  than  the  females,  as  may  be  seen 
from  Figs.  23  and  25,  the  first  of  which  represents  the  male 
and  the  second  the  female,  both  natural  size. 

The  moths  generally  make  their  appearance  the  latter  part 
of  June.  Soon  afterwards  the  females  deposit  their  eggs  in 
masses  of  about  two  hundred  each  upon  the  twigs.  The 
moths,  having  completed  the  cycle  of  life,  die  soon  after  the 
eggs  are  laid. 

The  eggs  thus  deposited  early  in  July  are  to  remain 
unhatched  until  the  following  spring.  The  actual  formation 
of  the  tiny  caterpillars  from  the  contents  of  the  egg  takes  place, 
however,  within  a  few  weeks  after 
they  are  laid.  The  minute  but  fully- 
formed  caterpillars  may  be  found 
within  the  egg  shells,  by  a  careful 
examination,  any  time  between  Sep- 
tember and  the  following  April.  , 

FIG.  23.  Male  Moth  of  Forest 

The  caterpillars  remain  during  this       Tent  caterpillar.     Natural 
long  period  quietly  confined  within 


Fio.  24.     A  Mass  of  Caterpillars  on  the  trunk  of  a  Crab- Apple.     (Photo- 
graphed by  Dr.  F.  W.  Russell.) 
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their  narrow  houses,  but  when  the  warm  rays  of  the  spring 
sunshine  penetrate  their  abodes,  they  eat  off  the  tops  of  the 
egg-shells,  and  come  out  ready  to  break  their  long  fast  upon 
the  tender  foliage  of  the  unfolding  buds. 

HABITS    OF    THE    CATERPILLARS 

The  caterpillars  very  commonly  emerge  from  the  eggs  some 
time  before  the  leaves  of  their  food-plants  push  out.  Under 
such  conditions  the  tiny  larvae  are  likely  to  huddle  together 
upon  or  near  the  egg-mass  to  await  the  unfolding  of  the  leaves. 
There  seems  to  be  considerable  variation  in  the  time  of  hatch- 
ing, as  larvae  of  various  sizes  may  be  found  at  any  time  during 
the  latter  part  of  May  or  in  June. 

When  the  attack  is  not  severe  the  caterpillars  seem  to  keep 
to  the  upper  parts  of  the  tree,  especially  upon  the  ends  of  the 
outer  branches.  One  correspondent  in  Sullivan  count}*,  New 
Hampshire,  in  sending  cocoons  July  29,  1897,  wrote,  "A  very 

destructive  pest  is  destroying  the 
foliage  of  our  maple  grove.  I  send 
you  a  sample  of  the  nests.  There 
are  millions  of  them.  They  seem 
to  commence  at  the  top  of  the 
tree  and  eat  down.  We. do  not 

see  the  insect  at  all.     They  seem 
Hg.  25.     Female   Moth  of  Forest  ' 

Tent  Caterpillar.  Natural  size.  to  be  hidden  through  the  day  at 

least." 

In  this  instance  the  damage  had  evidently  been  done  before 
the  presence  of  the  insect  was  known.  Consequently  it  seems 
worth  while  for  the  owners  of  maple  or  other  groves  to  keep  a 
sharp  watch  upon  their  trees  this  season,  even  if  heretofore 
they  have  not  been  injured. 

When  the  caterpillars  are  disturbed  while  feeding  upon  the 
leaves  or  crawling  along  the  twigs  they  have  a  habit  of  drop- 
ping downward,  checking  the  fall  by  means  of  a  thread  spun 
from  the  mouth  and  attached  to  the  twig.  Thus  suspended  in 
mid-air  they  are  very  annoying  to  foot-passengers  in  villages  or 
to  people  riding  along  shaded  roads  in  town  or  country  ;  for  to 
find  yourself  suddenly  confronted  by  a  dozen  caterpillars  on 
the  level  of  your  face  is  disconcerting. 


i 
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FIG.  26.     Elm  Leaves  partially  eaten  by  Forest  Tent  Caterpillars. 
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According  to  some  observations  made  by  my  assistant, 
Mr.  W.  F.  Fiske,  to  whom  I  am  indebted  for  a  number  of 
observations  upon  this  insect,  the  young  caterpillars  if  sud- 
denly disturbed  while  feeding  will  drop  to  the  ground  without 
attaching  their  threads.  A  large  proportion  of  the  caterpillars 
drop  oft'  by  means  of  a  thread  at  one  time  or  another  during 
their  growth  :  some  are  probably  startled  by  the  swaying  of 
the  twig  in  the  wind;  others  by  birds  when  alighting;  in 
many  cases  the  movement  is  probably  induced  by  the  exhaus- 
tion of  the  food  supply,  or,  perhaps,  by  a  migratory  instinct. 
In  any  event,  this  dropping  is  very  general,  and  as  a  result  the 
caterpillars  are  continually  to  be  seen  crawling  up  the  trunks 
of  the  trees  ;  this  is  especially  likely  to  be  the  case  early  in  the 
morning. 

The  larvae  generally  crawl  along  the  limbs  in  single  file. 
As  they  go,  each  spins  from  its  mouth  a  delicate  silken  thread. 


FIG.  27.  Apple  leaves  partially  eaten  by  Forest  Tent  Caterpillars. 

When  not  eating,  they  congregate  in  masses  upon  the  larger 
limbs,  with  an  indistinct  web  beneath  them,  although  generally 
there  is  no  web  over  them,  as  is  the  case  with  the  American 
Tent  Caterpillar. 

In  feeding,  especially  as  they  approach   maturity,  the  cater- 
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pillars  commonly  eat  through  the  leaf  in  such  a  way  that  the 
outer  end  drops  to  the  ground.  Examples  of  this  sort  of  injury 
are  shown  in  Figs.  20,  26,  and  27.  The  result  is  that  in  the 
case  of  the  badly-infested  trees  the  ground  beneath  is  covered 
.with  these  leaf  fragments,  which  may  be  heard  falling  continu- 
ally as  the  caterpillars  work.  This  habit  causes  the  insect  to 
be  relatively  much  more  destructive  than  if  it  simply  devoured 
the  whole  leaf  because  the  tree  is  robbed  of  more  of  its  leaf-sur- 
face, the  damage  done  being  somewhat  analogous  to  that  of  the 
cutworms, which  eat  off  the  stem  of  a  corn  plant  without  devour- 
ing the  leaves. 

During  the  moulting  periods,  as  well  as  during  long-con- 
tinued storms,  the  caterpillars  collect  together  in  great  masses, 
resting  upon  a  silken  web  attached  to  the  bark  of  the  tree. 
(Fig.  24.)  Here  they  remain  a  day  or  two,  until  the  old  skins 
are  sloughed  off  and  the  new  ones  are  ready  for  use. 

The  caterpillar  of  this  species  is  at  once  distinguished  from 

the  common  American 
Tent  Caterpillar  by  the 
differences  in  the  mark- 
ings of  the  line  along 
the  middle  of  the  back. 
In  the  Forest  Tent 
Caterpillar  this  line  is 
interrupted,  consisting 
of  a  series  of  white 
markings  like  that 

shown    in    the    middle 
FIG.  28.  American  Tent  Caterpillar;  a,  mark-     of  Fjg    22?  ^  while  in 


ings  on  one  ring  of  the  back ;  /;,  markings  on 
one  ring  of  the  side. 


the  common  Tent  Cat- 
erpillar the  line  along 
the  middle  of  the  back  is  continuous.      (Fig.  28,  a.) 

The  two  species  of  caterpillars  may  frequently  be  found 
intermingled.  Sometimes  a  brood  of  the  Forest  species  will 
collect  upon  the  outside  of  the  tent  of  the  common  species. 

When  an  orchard  or  grove  in  which  the  caterpillars  have 
developed  is  defoliated,  they  will  migrate  to  neighboring  trees 
in  a  way  suggestive  of  the  migrations  of  the  Army  Worm. 
.    At  such   times  they    may   be    seen    in    incredible   numbers. 
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Several  cases  are  on  record  where  in  crossing  railway  tracks 
they  have  impeded  the  progress  of  trains  by  making  the  rails 
slippery  as  the  bodies  were  crushed.  One  case  which  has 
been  vouched  for  by  the  entomologists  of  the  United  States 
Department  of  Agriculture,  after  official  investigation,  is 
reported  in  these  words  : 

"  The  rails  on  the  Carolina  Central  railroad  were  covered 
inches  deep  with  caterpillars,  so  that  for  three  days  in  succes- 
sion trains  were  brought  to  a  dead  standstill,  the  driving- 
wheels  of  the  engine  slipping  round  as  though  the  rails  had 
been  thoroughly  oiled.  The  engineers  were  obliged  to  exhaust 
the  contents  of  the  sand  boxes  before  crossing  the  strip  of 
swamp  from  which  the  caterpillars  seemed  to  come.  The  rails 
and  cross  ties  were  said  to  be  obscured  from  sight,  and  the 
ground  and  swamps  on  each  side  of  the  track  were  covered 
with  millions  of  the  crushed  caterpillars,  and  from  the  mass  an 
unendurable  stench  arose."  * 

Those  Forest  Caterpillars  which  utilize  leaves  in  forming 
their  cocoons  seem  to  have  very  little  choice  as  to  the  leaves 
employed.  In  Vermont,  Miss  Caroline  G.  Soule,  to  whom  I 
am  indebted  for  a  large  number  of  observations  upon  this 
insect,  found  cocoons  made  in  the  leaves  of  the  following 
plants  : 

Apple  Hawthorn 

Asparagus  Horse  Chestnut 

Barberry  Hydrangea 

Cherry  Maple 

Clover  Mountain  Ash 

Cut-leaved  Birch  Lilac 

Elm  Pear 

Ferns  Plum 

Fountain   Plant  Smoke  Tree 

Fringe  Tree  Svringa 

Geranium  Violet 

Grape  Woodbine 

Grass 

Probably  this  list  could   be   considerably  increased  by  more 

*  Insect  Life.  Vol.  iii,  p.  477. 


86 


THE    FOREST    TENT    CATERPILLAR 


extended  observations  in  other  localities.  Evidently  the  larvae 
utilize  whatever  foliage  they  find  available  when  the  stress  of 
cocoon  making  is  upon  them.  A  correspondent  at  Haverhill, 
New  Hampshire,  reported  that  she  found  "  pine  trees  covered 
with  the  cocoons  of  the  Forest  Tent  Caterpillar.  The  needles 
were  tied  together  with  their  silk,  and  the  cocoons  inside  of 

them."  These  leaf 
coverings  are  of  all 
degrees  of  perfec- 
tion from  such  a 
well-knit  specimen 
as  is  shown  in  Fig. 
29  to  that  of  a  co- 
coon in  which  two 

or  three  grass  blades 
Fie.  29-    Cocoon  of  Forest  Tent  Caterpillar  in  a     serve  mQre 

maple  leaf.      Natural  size. 

purpose  than  that  of 

supporting  the  silken  woof  of  the  cocoon.  Two  or  more 
cocoons  are  commonly  spun  within  a  single  leaf,  and  trees  fre- 
quently appear  "  bunched  up"  from  the  ac.tion  of  the  caterpil- 
lars. Numerous  observations  indicate  that  normally  about  as 
many  caterpillars  spin  cocoons  in  leaves  as  out,  but  the  pro- 
portion would  be  likely  to  vary  with  the  conditions  present  in 
a  given  locality. 

FOOD    PLANTS 

This  Forest  Tent  Caterpillar  is  a  very  general  feeder,  attack- 
ing many  more  kinds  of  plants  than  does  the  American  Tent 
Caterpillar.  In  the  various  articles  which  'have  heretofore  been 
published  the  following  food-plants  are  recorded  : 

Apple  Oak 

Ash  Peach 

Beech  Plum 

Birch  Poplar 
Cherry  (wild  and  cultivated)         Rose 

Hawthorn  Sour  Gum 

Hickory  Sweet  Gum 

Linden  Walnut 
Maple 
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During  June,  1898,  Miss  Soule  observed  these  caterpillars 
in  the  vicinity  of  Brandon,  Vermont,  feeding  upon  the  follow- 
ing species : 

Apple  Purple  Beech 

Barberry  Rose 

Cherry  (wild  and  cultivated)    Smoke  Tree 

Currant  Horse  Chestnut 

Diervilla  Linden 

Elm  Lilac 

Fringe  Tree  Locust 

Hawthorn  Magnolia 

Mountain  Ash  Swamp  Fly  Honeysuckle 

Pea  Vines  Willow 

Pear  Woodbine 

Peonies  White  Birch 

Plum 

The  caterpillars  have  also  been  abundant  upon  oak,  poplar, 
and  various  other  trees. 

HABITS    OF    THE    MOTHS 

Like  most  moths  the  adults  of  these  Forest  Caterpillars  are 
night-fliers  rather  than  day-fliers.  They  are  attracted  by  light 
after  dark,  and  frequently  fly  through  open  windows  into 
houses.  Late  in  the  afternoon  they  may  also  be  seen  when 
abundant,  flying  among  the  branches  of  the  trees. 

I  have  not  seen  the  moth  while  depositing  the  eggs,  but  the 
process  has  been  described  by  Dr.  C.  V.  Riley  as  follows: 
44  These  eggs  are  deposited  in  circles,  the  female  moth  station- 
ing herself  for  this  purpose,  in  a  transverse  position  across  the 
twig.  With  abdomen  curved,  she  gradually  moves  as  the 
deposition  goes  on,  and  when  one  circle  is  completed  she  com- 
mences another,  and  not  before.  With  each  egg  is  secreted  a 
brown  varnish,  which  firmly  fastens  it  to  the  twig  and  to  its 
neighbor,  and  which,  upon  becoming  dry,  forms  a  carinated 
net-work  of  brown  over  the  pale  egg-shell.  These  eggs  are 
so  regularly  laid  and  so  closely  glued  to  each  other,  and  the 
sides  are  often  so  appressed,  that  the  moth  economizes  space 
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almost  as  effectually  as  does  the  honey-bee  in  the  formation  of 
its  hexagonal  cells." 

ABUNDANCE    AND    INJURIES 

The  injuries  caused  by  these  caterpillars  have  been  serious 
and  widespread.  In  many  regions  they  have  defoliated  the 
maples  of  sugar  groves.  In  some  cases  the  trees  have  been 
killed,  while  in  others  their  vitality  has  been  so  weakened  that 
they  became,  at  least  temporarily,  of  little  value  for  sugar  pro- 
duction. When  syrup  is  made  from  such  trees,  it  is  of  such 
inferior  quality  that  it  is  often  locally  called  kt  buggy  syrup." 
All  through  the  infested  regions  hillsides  may  be  seen  in  which 
the  woods  are  brown  and  bare  from  the  attacks  of  the  cater- 
pillars. 

It  is  difficult  for  one  who  has  not  seen  an  outbreak  of  such 
a  pest  as  the  Forest  Caterpillar  to  get  an  adequate  conception 
of  the  enormous  numbers  which  may  be  present.  They  have 
been  collected,  quarts  at  a  time,  in  many  localities,  and  are 
often  so  abundant  on  the  trunks  of  trees  as  to  conceal  the  bark 
from  view.  An  idea  of  the  mass  which  may  migrate  from 
one  place  to  another  may  be  obtained  from  the  account  already 
given  of  their  stopping  railroad  trains  (p.  85). 

The  effect  of  a  sudden  onslaught  of  an  army  of  these  cater- 
pillars migrating  from  a  neighboring  woodland  to  an  apple 
orchard  may  be  disastrous.  Defoliation  may  take  place  in  so 
-short  a  time  that  the  leaves  are  gone  before  the  presence  of  the 
caterpillars  is  known.  In  many  cases  a  new  crop  of  leaves 
will  be  put  out,  but  the  vitality  of  the  trees  is  necessarily 
-impaired. 

DATES    OF    TRANSFORMATIONS 

The  statement  has  already  been  made  that  there  is  consider- 
able variation  in  the  time  of  hatching  of  the  caterpillars.  By 
the  middle  of  June,  when  some  of  the  larvae  had  become  full- 
grown  and  spun  cocoons,  others  had  only  moulted  once,  and 
many  others  only  twice.  The  majority  of  the  caterpillars  spun 
up  by  June  25,  and  practically  all  by  the  3Oth  of  the  same 
month..  Many  of  these  caterpillars  which  spun  latest  were 
much  smaller  than  the  normal  size.  The  earliest  moths 
emerged  about  June  24. 


DESCRIPTION    OF    THE    LIFE    STAGES  89 

DESCRIPTION    OF    THE    LIFE    STAGES 

Egg-  —  The  egg  mass  of  this  Forest  Caterpillar  is  in  the 
form  of  a  belt  encircling  the  smaller  twigs  of  the  various 
food-plants.  Its  general  shape  is  represented  in  Fig.  21,  the 
length  of  the  belt  varying  from  one-fourth  to  one-half  of 
an  inch  ;  the  diameter  is  usually  one-fourth  of  an  inch. 
The  belt  terminates  abruptly  at  each  end,  although  it  is  not 
as  a  rule  squared  off.  The  outside  of  the  belt  consists  of  a 
glistening,  varnish-like,  brownish  or  lead-gray  material,  which 
covers  the  eggs.  When  the  eggs  are  first  laid,  and  for  some 
months  afterward,  this  covering  remains  entire,  but  as  the 
winter  passes,  it  becomes  more  and  more  broken,  so  that  by 
spring  it  generally  has  a  rather  ragged  appearance.  Bv  remov- 
ing the  covering,  the  eggs  will  be  found  beneath,  resting  side 
by  side  at  right  angles  to  the  supporting  twig.  Each  egg  is  a 
trifle  longer  than  wide,  and  is  covered  with  a  reticulated  net- 
work of  the  same  varnish-like  material  that  conceals  the  mass 
as  a  whole  :  this  net-work  serves  to  attach  the  eggs  to  the  twig 
and  to  each  other.  The  eggs  are  of  a  dull  gray  color,  show- 
ing white  in  some  places.  When  the  caterpillars  hatch  they 
gnaw  off  a  circular  cap  on  the  upper  end  of  the  egg,  and  come 
out  through  the  hole  thus  made.  Each  egg  is  about  one-twen- 
tieth of  an  inch  long.  The  number  of  eggs  in  one  belt  varies 
from  less  than  150  to  more  than  225,  the  average  being  nearly 
200. 

Larva. — The  full-grown  Forest  Tent  Caterpillar  has  a  cyl- 
indrical body  about  two  inches  long  and  a  little  more  than  a 
quarter  of  an  inch  thick.  It  is  rather  sparsely  clothed  with 
brownish  hairs.  The  general  color  is  bluish.  Along  the  middle 
of  the  back  there  is  a  series  of  double  whitish  or  cream-colored 
spots  having  the  appearance  of  Fig.  22,  a.  By  means  of  these 
spots  the  caterpillar  may  easily  be  distinguished  from  the  com- 
mon American  Tent  Caterpillar;  in  the  latter  species  the  line 
along  the  middle  of  the  back  is  continuous  (Fig.  28,  a)  .  On  the 
upper  part  of  each  side  of  the  Forest  Caterpillar  there  runs  a 
rather  broad  blue  line,  edged  above  and  below  with  a  narrow, 
yellowish-brown  line.  The  head  is  bluish.  Near  the  front 
end  of  the  body  are  three  pairs  of  jointed  legs,  each  with  a 
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hook-like  claw  at  the  tip.  Along  the  middle  of  the  body  are 
four  pairs  of  thicker  prolegs,  and  at  the  hind  end  is  another 
pair  of  prolegs. 

pupa. — The  pupa  when  removed  from  the  cocoon  is  a 
brownish  object  without  legs  or  wings  or  other  external 
organs.  It  is  about  three-fourths  of  an  inch  long  by  one-fourth 
broad  at  its  widest  part,  although  the  male  pupa  is  noticeably 
smaller  than  that  of  the  female. 

Moths. — An  idea  of  the  general  appearance  of  the  moths 
may  be  obtained  from  Fig.  23  which  represents  the  male,  and 
Fig.  25  which  represents  the  female,  both  natural  size.  As 
will  be  seen  the  former  is  the  smaller.  The  general  color  is  a 
bufY  brown  with  an  oblique  band  of  a  deeper  tint  across  each 
front  wing.  The  "feelers"  or  antennae  of  both  sexes  are 
feathery,  those  of  the  male  being  the  broader. 

NAMES 

The  accepted  scientific  name  of  this  species  is  Clisiocampa 
disstria,  although  it  was  formerly  called  C.  sylvatica.  Its 
common7  name,  Forest  Tent  Caterpillar,  is  not  very  satisfac- 
tory, because,  first,  the  insects  are  as  likely  to  be  found  in 
apple  orchards  as  in  forests,  and,  second,  they  do  not  make 
tents  in  the  complete  sense  that  the  nearly-related  American 
Tent  Caterpillar  does.  But  the  insect  has  always  been  called 
the  Forest  Tent  Caterpillar  in  our  literature,  and  the  name 
may  as  well  be  retained  until  one  more  satisfactory  is  sug- 
gested. 

Many  people  have  been  needlessly  alarmed  by  the  thought 
that  this  was  the  famous  Gypsy  Moth  Caterpillar.  It  has 
nothing  to  do  with  that  notorious  insect,  although  it  may  well 
serve- as  an  illustration  of  what- would  be  likely  to  take  place  if 
the  Gypsy  Moth  should  become  widespread. 

NATURAL    ENEMIES 

These  Forest  Tent  Caterpillars  are  preyed  upon  by  many 
natural  enemies,  including  insects,  spiders,  toads,  and  birds. 
Among  the  more  important  insect  enemies  are  certain  ichneu- 
mon flies,  similar  to  Fig.  30,  which  deposit  eggs  within  the 
bodies  of  the  caterpillars.  These  eggs  hatch  into  grubs  that 
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FIG.  30. — An  Ichneumon  Fly,  mag- 
nified. 


develop  at  the  expense  of  the 
caterpillars,  finally  killing  them. 
There  are  various  other  insect 
enemies. 

A  curious  habit  of  a  common 
species  of  Harvest-spider,  or 
Daddy-long-legs,  was  observed 
by  Miss  Soule.  On  June  18  she 
wrote:  "  On  almost  every  mat 
of  Clisiocampa  larvae  we  find 
several  4  daddy-long-legs,'  some- 
times as  many  as  twenty.  I 
have  watched  them  closely  and 
can  see  no  reason  for  their  being  there."  A  week  later  she 
wrote  again  :  "  It  seems  this  morning  as  if  almost  every  larva 
was  attended  by  a  4  harvester,'  which  apparently  stroked  it 
with  a  leg  or  two  or  merely  stood  near  or  over  it.  Sometimes 
the  touch  made  the  larva  curl  up.  but  more  often  it  seemed  to 
have  no  effect.  It  is  very  curious,  and  I  watch  and  watch  but 
can  learn  nothing."  The  species  concerned  seemed  to  be  the 
common  Striped  Harvest-spider,*  as  I  judged  from  some  half- 
grown  specimens  sent  by  Miss  Soule.  As  to  the  reason  for 
their  presence  I  can  only  conjecture  that  they  found  food  in 
connection  with  the  caterpillars  in  some  way. 

Toads  were  seen  to  devour  many  of  the  caterpillars,  although 
of  course  these  creatures 
are  comparatively  so  rare 
that  they  could  make  lit- 
tle impression  upon  the 
pests. 

Birds,  however,  did  a 
great  deal  toward  reduc- 
ing the  numbers  of  the 
insects.  Miss  Soule  ob- 
served robins,  orioles, 
chipping  sparrows  (Fig. 
32),  cat  birds,  cuckoos, 
the  red-eyed,  white-eyed,  FIG.  31.  The  Chickadee. 

*  Litbunum  dorsatum. 
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below 


and  warbling  vireos,  cedar  birds,  and  nuthatches  feeding  upon 
the  caterpillars.  The  nuthatches,  according  to  Miss  Soule's 
account,  kt  would  stand  by  a  patch  of  larvae  lying  close  together 
tar  band  on  a  tree  and  eat  so  voraciously  and  with 

such  an  entire  abandon- 
ment of  self-conscious- 
ness that  I  could  go 
close  and  put  my  hand 
o  n  them  before  they 
would  fly.  This  expe- 
rience was  repeated  sev- 
eral times."  The  co- 
coons were  attacked  by 
chickadees  (Fig.  31), 
which  tore  open  the  co- 
coons and  fed  upon  the 
pupa?,  as  well  as  by  nut- 
hatches. The  moths 
were  also  eaten  in  great 
numbers  by  many  sorts 
of  birds,  including  rob- 
ins, chipping  sparrows, 
yellow  birds,  and  even 
English  sparrows,  although  this  last-named  species  apparently 
did  not  eat  the  caterpillars. 

In  some  localities  the  Forest  Tent  Caterpillars  were  attacked 
by  what  appeared  to  be  a  bacterial  disease  similar  to  the  one 
which  destroyed  so  many  of  the  American  Tent  Caterpillars  in 
southern  New  Hampshire  in  the  summer  of  1898.  (See  Bulle- 
tin 59,  p.  202.)  It  is  to  be  hoped  that  the  present  season  it 
may  complete  its  work,  for  this  is  probably  the  agency  that  is 
most  likely  to  check  the  outbreak.'  Its  destructive  effect  is 
likely  to  be  increased  by  weakness  in  the  caterpillars,  due  to 
the  partial  exhaustion  of  the  food  supply.  There  was  also 
evidence  that  a  fungus  disease  called  "muscardine"  was  at 
work  among  them. 

REMEDIAL    MEASURES 

Many  remedial  measures  have  been  proposed  at  various 
times  to  prevent  the  injuries  of  the  Forest  Tent  Caterpillar. 


FIG.  32.     The  Chipping  Sparrow. 
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The  practical  value  of  most  of  these  measures  depends  largely 
upon  the  conditions  under  which  they  are  to  be  applied. 
A  suggestion  that  is  easily  applicable  to  a  few  small  trees  in 
an  apple  orchard  may  be  wholly  inapplicable  to  the  large  trees 
in  a  woodland. 

The  abundance  of  the  caterpillars,  the  nature  and  number  of 
the  trees  infested,  the  season  of  the  year,  and  the  means  at 
hand  are  all  to  be  taken  into  consideration.  In  the  following 
paragraphs  I  have  summarized  the  measures  which  a  careful 
study  of  the  subject  leads  me  to  think  will  prove  of  value. 
They  are  arranged  according  to  stage  of  growth — from  egg  to 
moth — to  which  they  are  to  be  applied. 

Egg  Destr2iction. — On  a  bright  day,  when  the  trees  are 
bare  of  leaves,  the  egg-masses  may  be  easily  seen.  The  cut- 
ting off  and  burning  of  these  masses  is  often  practicable  in  a 
young  apple  orchard,  although  it  is  generally  considered  im- 
practicable in  orchards  of  large  trees.  It  generally  would  be 
out  of  the  question  in  woodlands,  of  course,  although  in  case 
of  a  few  ornamental  maples  or  other  trees  on  the  home  grounds, 
such  egg-collecting  might  well  be  worth  while.  The  gather- 
ing may  be  done  by  sending  a  sharp-eyed  boy  into  the  trees  to 
cut  off  the  glistening  masses,  or  by  means  of  a  pruning-hook 
or  a  pair  of  long-handled  priming-shears.  The  belts  of  eggs 
should  be  burned  after  they  are  gathered. 

Killing  the  Toung  Caterpillars. — On  small  trees,  where 
the  caterpillars  are  easily  reached,  something  may  be  accom- 
plished by  swabbing  the  colonies  of  young  larvae  when  at 
rest  by  means  of  a  bunch  of  cotton  waste,  old  rags,  or  some- 
thing similar.  In  rainy  weather,  one  is  more  likely  to  find 
the  larvai  massed  together  during  the  day  than  in  bright 
weather. 

Spraying  'with  Poisons. — For  the  apple  orchards,  so  far  as 
concerns  the  caterpillars  which  hatch  there,  perhaps  the  sim- 
plest way  of  destroying  these  pests  is  to  spray  the  trees  with 
arsenites  early  in  the  season,  before  the  caterpillars  are  half 
grown.  After  the  leaves  are  unfolded  and  the  caterpillars 
have  begun  work,  the  earlier  this  spraying  is  done  the  better, 
except  that  it  should  not  take  place  when  the  trees  are  in 
bloom.  The  common  practice  in  spraying  is  to  add  four  or 
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FIG.  33 


five  ounces  of  Paris  green  and  a  pint 
or  two  of  fresh  lime-water- — made 
by  slaking  lime  in  water — to  a  bar- 
rel holding  forty  or  fifty  gallons  of 
water.  This  is  thoroughly  mixed 
and  sprayed  upon  the  trees  by  means 
of  a  force  pump  and  spray  nozzle. 
In  Fig.  33  a  simple  and  effective 
spraying  outfit  is  represented.  It 
consists  of  a  kerosene  barrel  holding 
fifty  gallons,  a  force  pump  having  a 
double  discharge,  with  a  short  line 
of  hose  running  into  the  barrel  to 
keep  the  liquid  stirred,  and  a  long 
line  of  hose  fitted  at  the  end  to  a 
slender  brass  rod  tipped  with  a  spray 
'  nozzle.  This  outfit,  or  a  great  va- 
riety of  similar  ones,  may  be  ob- 
tained through  any  hardware  dealer 
or  direct  from  any  of  the  numerous 
manufacturers  of  spraying  machin- 
ery. 

In  case  it  is  desired  to  spray  trees 
of  many  sorts,  it  would  probably  be 
safer  to  use  arsenate  of  lead,  which 
is  less  liable   to  injure  foliage  than 
Paris    green.     This    substance    has 
been  used  in  great  quantities  by  the 
Massachusetts    Gypsy    Moth    Com- 
mission.    It   has  been  found  a  safe 
insecticide  for  all  sorts  of  trees.    It  is 
not  generally  on  sale  in  the 
market,    but   can   be    made 
according   to    the  following 
directions  of  Professor  C.  H. 
Fernald  : 

"Arsenate  of  lead  is  easily 
prepared    by    putting    n 
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ounces  of  acetate  of  lead  in  4  quarts  of  water,  in  a  wooden  (not 
metal)  pail,  and  4  ounces  of  arsenate  of  soda  (50  per  cent.)  in 
2  quarts  of  water,  in  another  wooden  pail,  and  when  entirely 
dissolved  mixing  them  in  a  hogshead  containing  150  gallons  of 
water,  when  a  chemical  reaction  will  take  place,  forming  arse- 
nate of  lead  as  a  fine  white  powder  in  suspension  in  the  water. 
If  cold  water  be  used  in  the  wooden  pails,  the  solution  of  the 
acetate  of  lead  will  require  a  little  time  ;  but,  however,  if  the 
water  be  hot,  it  will  dissolve  very  quickly.  It  is  customary  to 
add  from  2  to  4  quarts  of  glucose  to  the  above  amount  of 
water.  If  it  is  desired  to  use  larger  proportions  of  the  arsenate 
of  lead,  it  is  only  necessary  to  use  more  acetate  of  lead  and 
arsenate  of  soda,  but  in  the  proportions  given  above." 

Another  substance  which  has  lately  been  put  upon  the 
market  as  a  substitute  for  Paris  green,  is  called  Green  Arsen- 
ite.  It  is  a  finer  powder  than  Paris  green  and  generally  costs 
at  retail,  15  cents  a  pound.  It  can  be  purchased  of  dealers 
generally,  or  direct  of  the  manufacturers — the  Adler  Color  and 
Chemical  Company,  New  York.  One  great  advantage  it  has 
over  Paris  green,  is  that  being  a  finer  powder  it  remains  in 
suspension  much  longer.  A  little  lime  water  should  be  added 
to  the  mixture  as  in  the  case  of  Paris  green.  It  is  to  be  used 
at  the  rate  of  four  or  five  ounces  to  fifty  gallons  of  water. 

Killing  the  Older  Caterpillars. — After  the  caterpillars  are 
half-grown  they  commonly  come  down  to  the  lower  branches 
or  the  trunk  to  undergo  the  moulting  process.  To  this  end 
they  gather  in  great  masses  on  the  bark,  where  they  may  be 
destroyed  by  means  of  a  stiff  broom — more  effective  perhaps  if 
frequently  dipped  in  kerosene, — or  by  collecting  the  caterpillars 
in  pails  containing  a  little  kerosene  and  water.  In  the  towns 
and  villages  throughout  the  infested  regions  vast  numbers  of 
the  pests  were  destroyed  in  these  ways,  especially  the  latter, 
in  1898. 

Banding. — The  fact  that  so  large  a  proportion  of  the  cater- 
pillars drop  off  the  trees  from  time  to  time  and  return  by  crawl- 
ing up  the  trunks,  has  led  to  the  quite  general  use  of  bands  of 
various  materials  upon  the  trunk  to  prevent  the  ascent  of  the 
larva?.  Tar  has  been  quite  generally  applied  for  this  purpose, 
but  it  is  objectionable  as  it  does  not  remain  effective  long,  so 
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that  the  caterpillars  are  soon  able  to  cross  over  it.  Sticky  fly- 
paper— ;t  Tanglefoot" — has  been  commonly* used  with  a  large 
degree  of  success  ;  it  is  effective,  cheap,  and  easily  applied. 
Rather  wide  bands  of  it  are  necessary  to  prevent  bridging  over 
by  the  dead  or  dying  caterpillars.  The  chief  difficulty  with 
this  paper^is  its  liability  to  injury  by  rain,  the  wetness  causing 
it  to  tear  so  readily  that  it  may  not  last  long.  In  some  cases 
bands  of  greased  tin  have  been  successfully  employed. 

A  better  substance  than  any  of  these,  however,  is  Raupen- 
leim  or  "Caterpillar-lime,"  a  material  manufactured  in  Ger- 
many for  application  to  the  bark  of  trees  to  prevent  the  ascent 
of  caterpillars  and  other  crawling  insects.  It  is  to  be  put  on  as 
a  rather  wide  band,  or  as  two  narrower  bands.  In  the  case  of 
large  trees  with  thick  bark  the  material  may  be  smeared 
directly  upon  the  bark,  while  in  the  case  of  young  trees  and 
those  with  smooth  bark  it  is  safer  to  apply  the  Raupenleim  by 
smearing  it  upon  a  band  of  heavy  wrapping  paper  or  some 
other  thick  and  firm  paper  tacked  upon  the  tree.  Any  loose 
bark  may  be  scraped  off  the  portion  of  the  trunk  which  is  to 
be  covered  by  the  paper  before  the  latter  is  put  on  ;  and  it  is 
sometimes  worth  while  to  insert  a  thin  layer  of  cotton  waste, 
or  some  similar  material,  beneath  the  paper  to  fill  up  crevices 
and  thus  prevent  any  insect  from  crawling  through  beneath  the 
paper.  Then  the  Raupenleim  may  be  smeared  upon  the 
paper  the  thickness  of  about  a  quarter  of  an  inch,  and  left  as 
long  as  it  remains  sufficiently  sticky  to  entrap  any  insect  that 
attempts  to  crawl  over  it.  As  it  will  remain  eight  or  ten 
weeks  in  a  sticky  condition,  a  single  application  early  in  the 
season  will  probably  last  until  danger  from  the  caterpillars  is 
past. 

It  should  be  distinctly  understood  that  there  may  be  danger 
of  injuring  trees  with  smooth  and  thin  bark  if  this  Raupenleim 
is  smeared  directly  upon  the  bark.  For  young  trees  and  those 
older  which  have  a  smooth  bark  I  recommend  that  the  Rau- 
penleim be  applied  by  placing  it  upon  strips  of  thick  paper 
tacked  to  the  trunks  of  the  trees.  Even  in  the  case  of  bearing 
apple  trees  this  would  probably  be  the  safer  method,  and  it 
should  always  be  adopted  for  peach  trees,  if  not  for  pear  trees 
also.  After  the  Raupenleim  has  been  on  some  weeks  the  sur- 
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face  hardens  into  a  crust,  and  it  is  advisable  to  scrape  off  this 
crust  after  the  danger  from  caterpillars  is  past.  Too  much 
of  the  rough  bark  should  not  be  scraped  off  of  the  older  trees 
to  which  the  band  of  Raupenleim  is  to  be  applied,  unless  paper 
is  to  be  used. 

After  the  trees  are  thus  banded,  the  caterpillars  will  collect 
beneath  the  bands,  and,  of  course,  are  to  be  killed  by  means  of 
a  stiff  broom,  or  any  other  method  one  may  choose. 

The  American  distributers  of  Raupenleim  are  William 
Menzel  £  Co.,  64  Broad  St.,  New  York,  N.  Y.  In  New 
England  it  can  be  purchased  through  the  Bowker  Fertilizer 
Co.,  Boston,  Mass.,  and  probably  other  dealers.  It  is  put  up 
in  five-pound  cans,  costing  about  $1.00  per  can;  or  in  kegs 
holding  25  pounds,  costing  $3.75  per  keg.  Larger  kegs  are 
proportionately  cheaper. 

Jarring  and  Banding. — It  has  already  been  stated  that 
these  caterpillars  drop  downward  when  disturbed,  breaking 
the  fall  by  means  of  a  thread  spun  from  the  mouth  ;  although 
when  young  and  suddenly  jarred  apparently  the  thread  may 
not  be  used.  This  habit  leads  to  the  suggestion  that  by  a 
combination  of  jarring  and  banding  much  injury  may  be  pre- 
vented, at  least  in  the  apple  orchard  and  on  the  home  grounds. 
After  the  trees  infested  have  been  banded  with  the  caterpillar 
lime,  a  boy  with  a  padded  mallet  may  be  sent  into  them  with 
instructions  to  jar  the  limbs  on  which  the  caterpillars  are 
working,  beginning  at  the  top.  This  should  be  done  when 
the  caterpillars  are  feeding  upon  the  leaves  as  they  are  then 
much  more  easily  disturbed  than  when  they  are  at  rest.  Of 
course  it  is  not  to  be  expected  that  going  over  once  will  wholly 
rid  the  tree,  but  by  two  or  three  repetitions  of  the  jarring 
most  of  the  caterpillars  should  be  removed.  In  case  they  hang 
too  persistently  by  their  threads  many  of  them  may  be  swept 
out  of  the  air  by  use  of  a  long,  light  pole.  This  will  lead  the 
caterpillars  to  congregate  in  masses  upon  the  trunk  below  the 
bands  of  Raupenleim,  where  they  may  be  destroyed  by  use  of 
a  stiff  broom  or  by  various  other  methods.  The  earlier  this  is 
done  after  the  larvae  are  all  hatched  the  less  will  be  the  injury 
to  the  foliage. 

The  masses  of  caterpillars  beneath  the  bands  are  sometimes 
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killed  by  pouring  on  kerosene.  If  this  method  is  employed 
great  care  should  be  taken  not  to  add  enough  to  saturate  the 
bark.  Many  trees  have  been  killed  by  carelessness  in  such  use 
of  kerosene. 

Banding  to  Prevent  Invasion. — In  case  of  an  uninfested 
apple  orchard  in  the  vicinity  of  an  infested  woodland,  it  will 
be  advisable  to  band  the  apple  trees  with  Raupenleim  before 
the  caterpillars  are  half  grown  to  prevent  invasion  from  them. 

The  same  advice  would  hold  in  case  of  other  uninfested 
trees  in  the  vicinity  of  those  infested. 

Collecting  Cocoons. — A  large  proportion  of  the  cocoons  are 
commonly  spun  where  they  can  be  reached.  The  destruction 
of  these  will  lessen  the  number  of  moths  that  lay  eggs  for  the 
next  season's  brood  of  caterpillars,  although  it  will  also  lead  to 
the  destruction  of  large  numbers  of  parasites.  If  the  cocoons 
were  placed  in  a  good-sized  box  with  coarse-meshed  mosquito 
netting  over  it  the  escape  of  the  moths  might  be  prevented 
while  the  parasites  might  get  away  to  continue  their  good 
work.  By  a  little  trouble  the  moths  remaining  in  the  box 
could  be  killed. 

Attracting  Moths  to  Light.  Like  many  other  night-flying 
insects  the  moths  of  the  Forest  Tent  Caterpillar  are  attracted 
to  lights  at  night.  This  has  led  to  the  suggestion  that  they 
may  be  destroyed  by  placing  a  lighted  lantern  over  a  tub  or 
other  wide  vessel  containing  water  with  a  film  of  kerosene  on 
top.  The  moths  fluttering  about  the  light  will  fall  into  the 
kerosene  and  be  killed.  Such  destruction  will  lessen  the  num- 
ber of  eggs  for  next  year's  brood  of  caterpillars. 


